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A  ip«el«l  dB^  t«»t  H«ad  Mt  vMd  mbmt*  tfarott 

fMM  Meb  Md  of  otroldbtotubo  oB^lme  tad  to  m«mm  dlroot  tbrttft 
ttm  0-ahopod  oaflJMi* 

Moat  of  taatlnc  ma  with  laaacm  pnpaaa  fuali  ehadc  xvna  with  60-90 
ooiaaa  gaaollBO  |t?a  ataantlalljr  aaaa  porfoataea  aa  vlth  propaaa* 

OparatloB  of  wltlpla  pulaajata  «baa  arraafad  aa  eloaa  aa  oetfniater 
dlaaaaloaa  allov  la  a  alngla  U"*  or  "train"  of  alx  polaojetai  did 
not  ihov  loaa  of  tfaraat  aad  fafo  p^onanoo*  but  tha  eparatlac  raaca  «aa 
aarrov*  Bowavari  a  raetaacalar  amgr  of  aix  oeaibnatorai  tba  apaead  thla 
o3aaa3;«  ^owad  a  parforaanoa  loaa  of  abont  209^. 

Uailtad  taatlag  vlth  latarooinaotlat  tabaa  ahoaad  that  It  la  faaalblaf 
(1)  to  atart  adjaoaat  pulaajata  in  a  elnatar  tram  ona  oparatlnc  pulaa.^H 
vlthout  tba  uaib^  apaik  plug  and  jat  of  atarilng  air  aad  (2)  to  at  I'aat 
parileallp  raduea  iatarfaraaoa  affaota  dua  to  eloaa  preolaitjr. 

tha  aagiaaa  «ould  aot  atart  on  liquid  fuala  daring  moat  of  tba  precr«B4 
SavaloFMoat  la  tba  RUlar  fropttlaloa  ilaaaareb  Lab  of  a  now  alnlatura  flat 
apray  fual  noaela^  ttaar  tha  and  of  tba  prcftm,  pa»lttad  auaeaaaful  oper¬ 
ation  on  llQuid  fual  (60-90  ootana  gaaoUaa)  uitb  all  tfaraa  of  tha  boat 
oonflguratlonai  BB-ML  aad  with  aaiantlallor  tba  aaaa  parfom- 

anoa  aa  on  gaaaeua  propane  fual. 

Operational  problM  vara  prliuzlljr  (1)  nolaa  (u  la  ^rplaal  of  jet 
anglnaoj  12li-130  dacibala  range  overall  laval  at  25  feat  fron  Jet  ou^tOi 
but  vlthout  algnlfleant  Inoraaaa  due  to  mlti-anglna  oration))  (2) 
vibration  (operating  ejrola  fnKnianay  range  180-320  epa)  and  (3)  eoahuotor 
ahall  tanparaturaa  up  to  1850^»  idtlob  oan  be  handlad  aatlafaotorUy  for 
■oat  q»plieatlooa  by  (a)  ahrou&ing  vltb  relatival^  lightval^t  beat- 
Inaulating  and  nolaa-abaotbing  natarlal;  (b)  altamata,  l*a«,  out^- 
phaaa«  tlalng  of  ooabuatorai  aad  (o)  abeok  ■ountlngof  oeabuatera  to 
laolata  vibration  and  parmit  thaxr^  aa^anaion  of  tha  eoabuator  aballa 
vith  nlntBun  thamal  atraaa. 

A  aajor  obataola  to  iaprevaaaot  Uaa  In  tba  Incdc  of  a  auitabla 
angina  eyela  parfoneanea  pradletlon  stalyala  to  giva  aoaa  Indleatlon  of 
(a)  ultiaata  poaalbla  paifenianea  aad  (b;  guide  daalgnara  by  pradietl^ 
tba  affaot  of  daalgn  ^aagatf  but  thla  iltMtloD  la  aonavbat  allavlatad 
by  tba  baalQ  alapllelty  of  the  angina  atntotura  idilob  pazalta  ralatlvaly 
r^d  ehangaa  In  teat  eeoflguratlon.  On  tba  other  baadf  iBaafur«Mnt  of 
"Inatantanaoua"  gaa  pratauraii  ta^araturaa  and  v^oltlaa,  ato.,  era 
diffloult  and  avanaivtf  vharaaa  ainpla  ■aawruuta  are  lladtad  to 
avaraga  thruata,  oenbuatlon  ehaubar  praaauratt  fual  flov  ratal,  dull 
tanparaturaa,  operating  fraquanelaa,  and  cvurall  nolaa  lavala. 

It  la  oonoludad  that  alniatura  valvalaaa  pulaajata  aaiM  to  be  vail 
aultad  for  naatar-hlovar  ^pUeatlona  at  vail  aa  having  aona  potactlal 
for  thruat  ^plloatlona* 
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A  ooQtnot  Mii  fti«rd*d  U  Htllw  Airertit  nefiitgr  bjr  tb* 
(falUd  3UUt  Arer  Tr*n«porUtlon  &*M4rch  Ooiinri  in  Jvm  I960,  te 
eoBdu«t  an  Invaatlfatton  Into  tha  oharaotarlatioa  of  ailtlpla  nlaia- 
tora  valaalaaa  polaajat  antloai*  It  bad  baan  pravloualjr  obaanrad 
that  tba  thntat-to*ioliiia  ratio  laoraaaad  aa  polaajat  velma  vaa 
daoroaaad,  aoiaaifhab  Uka  tha  wU-kaeia  Z/3  aoalinc  law  that  la  ^ 
pllad  to  tuibejat  and  xwijat  aasinaa.  It  waa  datlrad  to  aaka  a  aoro 
praolaa  dataralaatloa  of  a  valr^aaa  pulaajat  aoalinj;  nila,  and  to 
dataxmina  praotloal  llalta  to  ainlaturliatlon  of  tha  an^tnaa*  It  waa 
alao  daalrad  to  a:9lora  tha  foaaral  abaraotarlatloa  of  adnlatara 
pulaajata  whan  cparatad  In  woltiplaa. 

Taltalaaa  pulaajata  aaaw  to  offar  valuabla  potantlal  aa 
artTMMly  aiapla  daaloaa  for  lift  and  propulaloa,  for  tba  oraatlen  of 
aa  air  oiahloa  baaaath  vahlolaa,  and  for  haatora  and  haatar-blowar 
oewbloatleaa.  By  ualai  larta  msbara  of  awall  ai^laaa,  thay  way  ha 
flttad  Into  a  wlda  varlaty  of  ooafi,suratleAa»  Whan  ua^  la  oenjuao- 
tioa  with  Intanlttant  jat  throat  ttifMntara  of  tha  Coatraotor'a 
^oial  daaicD,  thay  alao  offar  vary  Intaraatlnt  poaalbtUtlaa  aa 
Jot  piaiaa*  It  baa  baan  ahown  la  taata  on  othar  projaeta  (Safaraaoaa 
3  and  li;  that  tha  {raaaoea  of  tha  aoi^aatar  Ineraaaaa  tha  puwpdag 
rata  by  a  factor  aa  (raat  aa  twaatgr  tlaaa  that  of  tha  puapinf  iwta  of 
tha  baaio  oowbuator  or  valvalaaa  p^aajat  aleoa  (Figura  bO)* 

Ona  of  tha  sain  attraotlona  of  tha  Intamlttant  jot  davloaa 
la  tha  high  throat  augwantatlon  whleb  haa  baan  aohlavad  with  ralatlvaly 
oowpaet  augaaotara.  Coapazloon  with  ataady  flew  ajaetor-torpa  throat 
aupuntara  aapbaalaaa  thla  outatandlnt  parfonaooea  (Rafaranoaa  1<4( 
lnol«)«  F«r  axaf^la,  an  augwantar  with  a  threat  araa-tO‘^lwa>y  iat 
araa  ratio  of  b  and  a  langth*tO''throat  dlaaatar  ratio  (I^)  of 
whan  uaod  with  an  Intandttant  jot,  oan  produea  a  throat  inoraaaa 
oqoal  to  nyidtara  batwaan  60B  and  litO)^  of  tha  prlaasy  jat  throat,  do» 
pandlng  on  tha  augwantar  oonfiguratloo  and  tha  Ihtozwlttant  jot  wova 
fom  and  valoelty«  Tha  aawo  augwantar  and  priaary  jat  ralatlonahlp 
for  tha  oaaa  of  ataady  flew  would  produet  laaa  than  20f  throat  aug- 
■antation*  Making  uaa  of  thla  high  throat  augwantatloB,  tha  full- 
alia  Pulaa  Baaetor  (valvalaaa  ooabuator  with  throat  au^ntara)  ayataa 
with  no  Boving  parta  haa  aohlavad  a  atatle  or  low-apoad  ^femanea 
idileh  la  ooapatltiva  with  that  of  turbojet  lift  wiginaa  (i*a»,  thruat- 
•paelflo  fual  oontua^Uon  of  batter  than  on#  pound  of  laid  par  how 
pw  pound  of  thruft  and  ecwponant  thruat*to*walght  ratloa  lAloh  Indl- 
eata  that  an  overall  ratio  of  tan-to-ona  la  within  tha  watata  of  tha 
art*  aa  indloatad  In  Rafaraneea  1,  2  and  13)* 

Additional  eharaotartatloa  of  tba  ?ulaa  Baaotor  angina  vhlob 
naka  It  attraotiva  ara  low  axhauat  taaparaturaa  and  valooltiaa  on  the 
ordar  of  200^  and  200  faat  par  aaoond,  an  aaglDa  oparatlng  eyola  whloh 
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z«p«l*  fortlfn  p4rtlelM  trtm  th«  aomtouAter  lal*U|  Mrtrn  alapUeltr 
•ad  lev  oeit*  Aaether  iBUnetlnc  eheraetarlatie  of  vart4^  Hev  is 
tbst  tho  h«4t  tnaofor  rote  o«a  b«  Moh  hlch«r  thin  for  aeivaribl* 
•toAdjr  flew  oeadltloas  «•  tadieoted  in  loforeaeos  8«12  iaeluslT*. 

This  hot  obvious  Ij^lioAUens  for  possiblo  hsotinf  ond  dqrliy 
tleas* 


MisiaturlMtioD  of  tteso  valwloss  pulsejsts  sad  thrust 
wipwnters  ezUads  th«  soops  of  poteailsl  oppUostloas*  OpsrtUen  of 
tho  ion  aaglDOS  la  elustors  sad  tnlas  laoroasos  their  voraotlUtgr 
•ad  furai^s  oddltleaal  infoniotlon  eoaeoming  tholr  oporotlenol 
ebaraetorlstles*  For  ths  ferotoiac  roosoas>  sad  boosuso  of  the 
kaovlodfo  eeaeonlni  tho  porfemonoo  of  alaloturo  vslveloso  oB(lnos» 
pirtleulsrlj  vbea  oporotiei  In  elMtoro  ortniaoi  It  «••  doonod  vorth- 
vhllo  to  a^o  this  Invostl^tlon* 

Tho  projoot  (uldollnos  oot  for  tho  Coatrooter  voro  to.  aako 
•  broad  ourvoy  of  ouffloioBt  depth  asla£  oosontiolly  eurront  dosl(BS 
oaly  to  detemlao  sad  roporb  tonorol  obonoterlstloo,  and  thalr  lapll* 
oatieaoi  without  attsaptinf  te  aoko  larto  laprovmoatSf  but  rooegi^lac 
that  adjustaoats  and  nodlfleatloas  would  bo  noeooaaiy  to  start  ooalod- 
down  oaflnos  sad  to  got  a  rjfflolont  raago  of  oparatloaal  data« 

Ths  first  phsso  of  tho  oontraot  laoludad  doolga  sad  asooahly 
of  tho  aoooosssy  tost  oqulpnoatj  soUoeUon  of  rosults  of  peroYlousiy 
ooostjruotsd  sa^ss,  eonstiMStlon  sad  porfoxnanoo  testing  of  oovoral 
dlfforoat  sisos  of  ainlaturo  pulaojot  olusUrSi  sad  iDVostlgatlon  late 
•uoh  aroaa  aa  fuals  aad  fual  lajoetloa*  starti^  ojrolioal  ratoS( 
thrust  sad  fusl  flow  ratsi,  thrust  su^Motstion  ratios  sad  asthodSf 
aelss  and  vibratloo,  sad  ths  Uks*  Tbs  seeond  phass  eontiauod  ths 
lavsstigstiea  lato  ths  sroas  asntloaod  abovo* 

Haven  sltst  sad  typss  of  snglnsSf  sseontlsUy  in  tbs  five 
te  tsB  pound  thrust  rangS}  wars  built  and  tostsd*  thsisreus  i^dlfiesi- 
tlons  sad  sltsrations  wars  nsda  to  thsse  in  ordtr  to  sohisvo  satis- 
fsotorjr  opsrstion  and  to  dstomlas  their  choraetorlstieo  aero  fully* 

Tho  Moot  outoiandlag  ones  'vre  tooted  la  BUltiplos  and  tho  r^rooonta- 
tivo  date  are  raportod*  Sqm  problm  artao  which  sppoarod  wore  not 
eoiVlotoly  roo^vedj  although  eonaidorablo  was  gnlasd* 

In  this  investigation,  full  sdrsntsgs  has  bssn  taksn  of 
othsr  voric  reportsd  la  ths  Utsrsturs,  or  in  ths  Contraoter's  flits 
sad  s^risnes,  so  as  to  avoid  unnscesssry  duplication,  and  this  work 
is  rofaroneod  lAarsvtr  used  In  this  report  in  diseusd.Bg  porfenssnos 
and  bssie  ofaaraotsristies*  Partieulsr  sdrsntsgs  has  bssn  tskon  of 
ths  full-sosla  Pulss  Bssetor  llft-prcpulslon  systsa  dsvalepnsnt  (Rsf- 
srsnesa  1,  2  sad  11)  tdiloh  Is  eoaesmod  with  tbs  dsvslopisnt  of  valvs- 
Isss  pulasjsts  with  supsanUrs  for  airoraft  uss*  Saosnt  dsslgns  of 


U 


ooirfcusior«  *nd  tupwntain  dtvelopAd  an  thace  war*  found  to  ba  tuparler 
and  pragraBt  uara  aoalad  dowi  for  uaa  on  tha  aubjaet  ooatraat*  Tha 
parfonianea  of  tha  largar  anglnoa  has  previdad  Important  li^ts  for  tlia 
aftabUafaMot  of  •oallnctranda«  &si«ht  eoneamlnc  tha  noval  mathod 
of  anarcr  tranafar  by  parasaura  iavs  action  from  Intaivlttant  Jata  to 
aacendaiy  air  flow  In  ajaoter-typa  thrust  aucaantars  and  Jat  pwpa  baa 
boon  (alnad  from  tha  saparata  study  raportad  in  Rafaraneaa  3  and  li» 

Tha  raaaaroh  taohnlqua  haa  oonalatad  aaaantlally  of  tha 
appUoation  of  tha  eonblnatien  of  prior  and  ourrant  knovla^  of  tha 
atata  of  tha  art  at  rapraaantad  by  tha  lltarat\ira  and  by  o^ar  aotlra 
projaota  In  this  /laid  (auat  of  vhlob  art  baln(  conduoiad  by  this  oon- 
traotor),  ainlaturiaation  of  tha  baat  daalfna  of  largar  In 

auooaaalTa  atapa,  and  tha  aaaoelatad  taailni  of  tha  baat  ocublnatlona 
of  rasultant  ■iniatura  aaglnaa« 

A  major  obstaola  to  Improvamant  Uaa  In  tha  laak  of  a  auli- 
abla  angina  eycla  parfomanoa  pra^otlon  analytla  to  giro  aona  indloa> 
tlon  of  (a)  tdilaaia  poacLbla  p^onanoa  and  (b)  gulda  dad.faars  by 
pradletlng  tha  affaot  of  dasl^  obangaa,  but  this  idtuatlon  la  acaia« 
tdiat  alla^atad  by  tha  baalo  alm^lolty  of  tha  angina  struotura  iddeh 
pamlts  ralatlvaly  r^d  ohangas  In  taat  eonfiguration*  On  tha  othar 
hand,  Maauraaant  of  "Inatantanaoua*  gas  prasauraa,  tMiparaturaa  and 
valooltlaa,  ato*  ara  diffleult  and  axpanalva,  irtiaraaa  alnpla  naasurt* 
nanta  ara  llnltad  to  avaraga  thrusia,  ecnbuatien  ohanbar  praattraa, 
fual  flow  ratasj  ahall  tanparaturaa,  eparatlng  fraquanelas,  and  ovar* 
all  noisa  lavala« 

Thara  ara  two  genartl  ^roaehas  to  tha  handUng  of  such 
problams  of  analyala.  One  la  gan«rally  eallad  ona*4lBanaieDal  nen« 
ataady  flew  gaa  dynaalo  oalyala  using  tha  "nathod  of  eharaotaristloa'* 
or  by  tha  raaaening  of  Rlaaann.  Unfortunately,  tha  fundanantal  partial 
diffarantlal  aquations  that  daaoriba  tha  unsteady  flow  of  conpraaalbla 
fluids  ara  auoh  toe  eoapUeatad  to  ba  dealt  with  dlraetly.  Liataad, 
solutions  ara  ganarally  obtained  by  graphlealomaMrloal  Iteration  pi^ 
eaduraa  using  flnlta«dlffaranoa  equations  as  daserlbad  In  rafaraneaa 
lit  and  15«  This  la  an  axeasdlngly  tedious  process  idtleh  for  axaapla 
typically  required  aa  auoh  aa  50  hoiura  for  oonatruotlon  of  tha  wara 
dlagraaa  for  a  single  oyola  in  even  tha  United  eaaas  of  thn  Inter* 
nittant  Jet  and  tl^et  aupnantar  ecabinatlons  dasorlbad  in  Rafaraneaa 
3  and  h.  In  tha  aij^llflad  ease  of  analyaie  of  tha  ralationahlp  of  a 
pulsating  Jet  driving  a  turbina  aa  daserlbad  in  Rafaranea  16« 

Tha  question  arlsss  than  concaming  the  practieabiU^  of 
using  hlgh-spsad  aachlns  coi^tsr  tachnlquss.  Ths  pracadlng  rafsranoa 
is  also  pertinent  because  it  eentalna  tha  only  axstqpla  that  tha  Con- 
traotor  has  dlsoovared  of  the  aoatawhat  extensive  use  of  a  digital  ooa* 
puter  (IBM  701)  •  Fortran  program)  on  a  problem  of  thia  gansral  nature 
using  the  genaral  approach  of  tha  '^ath^  of  eliaraotarlatioa*. .  Thia 


ij  reported  to  hero  roduood  tht  ojoIa  oaJeulttlaf  tlao  to  onl/  1-1/2 
■Inotot  for  tho  aii^ltit  omm  cod  to  About  it  alautoi  for  •  soro 
prooito  oaloulatlen  Is  oontrMt  to  tb«  AporexlaAtolr  $0  heurt  p«r 
o^olo  «•  roquirod  by  tb«  —luoUy  plotUd  wsro  dlafm  toehnlquo. 
Bo«OTor>  A  roooet  ioareh  IndlOAtoo  that  tbo  otrd  dooki  nd  tho 
dotAlled  doforlptlon  of  tho  Mthod  of  proiroaainf  oro  no  leocor 
oroiloblot 


Tho  o:rtonaiOQ  of  tbo  roooorob  progroa  doooribod  in 
Roforottooo  3  and  it  undor  ffovjr  Coatroot  Nonr  3062(00)  it  olaod  ot 
applying  hlgh'opood  dlgitol  eoiqputor  toobnlquoa  to  tho  intorBlt> 
toat  Jot-au^witor  rolatloaoblp*  tiaiag  oltbor  tho  aothod  of 
oharaotorlatloo  approooh  aoMirttat  akin  to  that  doooribod  in 
Roforoneo  16  or  to  what  nay' bo  a  soro  floalblo  and  peworful  tooh* 
nlquo  that  ij  eallod  tho  artifielal  rloeoalty  nothod  ("Q"  Kotbod) 
of  roa  Nounans  and  fiioht^or  (Roforoneo  17). 

Thla  aituatlon  la  ovoa  noro  eoaplleatod  by  tbo  foot 
that  tho  pulaojot  (partloularly  i^voloaa)  atato  of  tbo  art  ia 
qulto  uallko  tho  aituatlon  for  other  klnda  of  onglnoa  (roolpro- 
oatiag  onglnooi  raatJotOj  gaa  turbinoa)  ohoroln  thoro  aro  dotallod 
and  woll-writtoa  toxtbooka>  handbooka  and  porledloala,  ote.« 
that  both  auHUriao  oharaatorlatloa,  giro  eoMploto  aad  dotallod 
theory  and  prorldo  axtonalTO  tabulatlona  of  actual  oaglno  por- 
fomaaco,  nanufaeturor'a  apoolfioatiOBa>  oto.  Inatoad#  although 
thoro  hero  boon  naay  roaoaroh  and  dovolopnant  projoeta  eonduot^ 
la  thla  country  and  abroad,  nuch  of  tho  work  waa  erlglaalily 
eloaalfiod.  A  fairly  oo<4>loto,  aeeurato  mtd  oartonairo  aurroy 
eoTorlng  tho  hlatorioal  dorolopoont  up  to  thla  date  haa  not'or 
boon  conduetod.  Roforoneo  19  ia  tho  noat  uaoful  auaaury  of  tho 
0.  8.  work  up  to  19ii6,  md  Dr.  J.  T.  Poo'o  "Eloaonta  of  Flight 
Propuloicn"  (Roforoneo  1$)  ia  tho  only  textbook  ohleh  deola  with 
nopatoady  flov  proeooaoa  at  consldorablo  length  and  alao  pro- 
▼idoa  an  axcellont  dlaaortatlon  on  tho  olaaaiool  nothoda  of 
onalyala  and  thair  linltationa. 

Or.  foa  haa  alao  glron  aona  indloatlon  that  within 
oortain  Unite  tho  ororoll  potential  porfomanoo  of  ralreloao 
piQsoJot  onginoa  night  bo  dotomiaod  by  nodif  ieotiono  cf  hia 
analytical  toehniquoa  uaing  hla  "entropy  nothod"  aa  doooribod 
in  Chapter  15  of  Roforoneo  15  oatltlod  "Nonatoady-Plow  Ihruat 
Oonoratora " .  Thla  toohniqoa,  hovoror,  dooa  not  prorldo  dotallod 
analysis  of  nonstoady  thrust  gonoratlon. 
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2*  YAinuaa  nuam  msm.  mnsomott  iwnat  wamtt 

2«1  at—a  tod  TtbriMtitn 

2«1»1  5tylAt»Tttb<  Caabmtort 

A«  «B  lnltiAl  gttld*  tor  io«llnc  dovn  tb*  »i»o  ot  polf- 
j«t  tniimi*  tbt  eoaftttttot*  ot  tbo  C^rtotor*!  full  Am  hiloo 
oagiao,  th«  9«l*lnah  Umoior  X8-1  aodcl*  yiu  ttMd.  fh*  aoeltd-dem 
MriloM  oro  d»tlifMt4d  ••  H8«l  («1**)*  th«  "•iM*  b«ia|  th«  a^/aoxod 
Mttlo  of  tbi  ooKboftloo  ahmbf  ot  tb*  ieal«4  toroion  ie 

arlflaal  v*rcteB«  Wmo  oeabu«t«r  gMWtiy  bM  ohugW 
•  d««l|n4Uoa  it  utod  (tcnipl*  RC*!!  tor  ooaloal  aoabnrtlM 

obmbor). 


lxt>r«^l4tlac  tta*  tnad  of  tbruot  Torma  PuIm  SMotor 
••Uhlitbad  in  praiioua  teat*  oq  l&rt*  •aflMa«  aavaxal  a&flaat 
«tra  aaalad  la  tba  tbrut  raaca  ot  loot  tban  10  Iba*  Saalad  a^M 
drawlaga  vara  aaaplatad  aa  npraaantad  by  tba  akatabaa  la  Flgaraa  1 
aad  2*  for  axaaplat  figim  1  abowa  tba  BS>l(*02ii)|  vbleb>  asfertuBata- 
Ijt  Muld  Bot  run  proparlyt  Nodifleatioa  to  thla  aiaa  raaultad  la  tha 
10-1  oenflfuratloo  aa  abo«n  la  Yltura  3»  Ylfura  b  lUuatrataa  tba 
abaoRaa  la  tba  RS-1(«075)  oonbuator  dlaanaloaa  firw  Ylfura  2  vblah 
wira  naeaaaaiy  to  produoa  rood  raaonaot  parfomanoot  tba  aodlfloatloa 
balaf  daali^tad  RS*1(*075T>3* 

laotbar  Mall  aailna  uaa  aealad  dovn  frm  tba  SS-tgrpa 
oonbuater  vith  ahapa  faaarally  Ilka  that  lUuatratad  In  Tiforot  1  and 
2  and  daalgnatad  aa  B5-l(«01fl9)*  Major  diaaaalona  ara  flTao  la 
Tibia  I«  Thii  ecnbuator  oould  ba  oparatad  only  by  aiaultaaaoualy  1»- 
JaoUnc  an  aeatylana  and  o3gr|an  fual  alxtura,  and  l.ta  parfoxaanoa  m»  ■ 
yary  poor. 


Tha  vaiy  ana 11a at  alaa  Talralaaa  pulaajat  that  tbla  Ooa- 
traetor  taatad  vaa  daalcnatad  HS-1(«0068)  and  vaa  auppoaadly  tha 
•aallaat  alia  on  raoord  of  thla  (taaral  typo*  It  vaa  alao  aoalad 
down  fren  tba  RS-typa  ulth  major  dlaanalona  aa  (iTon  in  Tabla  I«  It 
vaa  taatad  prior  to  thla  oaniraot.  Thla  o^uator  alao  did  not  ra- 
aonata  axeapt  vhan  a  eambinatloB  aa  raaotlra  aa  aoatgrlana  aad  oiqrtaB 
uaa  Injaotad  aaparataly  but  alaultanaoualy.  Tha  thruat  of  tbla  ooa- 
buater  vaa  rou^ily  ona  pound.  Tbla  doaa  not  rula  out  tha  poaalbillty 
that  pra-Hdxad  fual  and  air  aicbt  not  raBonatOf  but  auob  a  eoablnatlon 
vaa  not  oonaldarad  to  ba  of  praotloal  valut  vlthin  tba  aeepa  of  tbo 
protraMf  and  thua  no  taata  of  auAi  natura  vara  oonduetad* 
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TiBZf  1 


tn  ra«nr«n«nt«  in  Inches* 

Tailpipe  taper  for'  all  eonbusters  2^  l6 '  included  angle 
Overall  diaeneiona  ahortened  by  uae  of  tapered  inlet. 


Th*  aAxiJtuia  possible  rediwtlon  at  the  length  of  the  velve- 
less  pulaejet  oosbustor  was  dsternliied  on  «  ooB^eny-  eponsored  progm 
eeperete  fron  this  oontrsotj  but  the  infomatlon  vss  used  to  advantage 
on  this  oontraot.  The  effaot  of  reduction  of  tailpipe  length  vas 
vestlgatcd  on  a  coisbuster  of  2>>l/2>li)0h  oombustlon  chamber  dlaeter> 
designated  HS-1(«075)>3*  It  was  poeslbls  to  shorten  the  tailpipe  only 
a  few  inohss  and  still  maintain  operation.  However,  a  surprising  die- 
covary  was  made.  It  was  discovered  that  when  an  inlet  with  a  slight 
taper  of  only  a^teut  2^  inoluded  angle,  convergent  in  the  direotloD  of 
efflux,  was  substituted  for  the  qrllndrlcel  inlet,  the  tailpipe  could 
be  drastically  shortened.  The  combustor  wee  finally  ahortenad  to  a 
tallpipa  length  of  only  10  inchee  with  22-1/2  Inohes  length  over-ell 
(l-3/!t  inohee  tailpipe  exit  dlenetsr  and  1-1/2  inehea  inlet  diaaeter)* 
At  this  extranely  short  length  It  was  neoeaeary  to  put  a  1/8  inch 
radlua  flara  at  tha  end  of  ^e  tailpipe  In  order  to  get  the  oombuetor 
to  resonate.  However,  at  this  very  short  langth,  its  oparatlng  rang# 
was  So  llnltsd  that  no  data  wars  tAen.  The  favorable  effect  of  such 
a  flight  taper  to  the  inlet  la  still  not  fully  understood,  but  it  has 
been  shown  to  improve  the  ease  of  engine  starting,  operating  atablllty, 
and  throttling  range.  In  the  case  of  fuU-soale  engines  ths  use  of 
the  tapered  Inlet  haa  been  an  important  contributor  to  improved  per¬ 
formance  (References  2  and  13). 

Ondar  Bureau  of  Naval  tfaapont  Contract  IKW  61-0226-c,  a 
new  5-I/I4  Inch  (conbuetlon  ohambar  diamatar)  oonbuatcr  shall  gaoaatry 
was  devaloped  vUtbli  providsd  509!  more  thrust  per  unit  engine  voluns 
than  the  pravloua  5*l/li  inch  dlaoetar  HS-1  typa  geometry  (Referenoea 
2  and  13).  The  main  featurae  of  this  new  configuration  were  li5^  coni- 
oal  bulkheads  at  both  ends  of  the  combustion  chamber  and  a  ahortar 
conbuetion  chamber  and  tailpipe^  It  vas  decided  to  take  advantage  of 
these  improvements,  so  two  additional  sises  of  eoubuatore  were  scaled 
down  from  thlr  new  basic  geometry.  Figures  5  and  6  are  aketohes  of 
these  eombuetore,  the  firat  one  designated  as  HH-Ml  with  i  2-3/^  Inoh 
diamatar  combustion  chamber,  end  the  second  ae  HH-M2  with  a  3-1/^  i^uh 
diameter  oonbuetlon  chamber.  While  the  largest  of  these  cenbustore 
is  scDevhat  on  the  high  aide  of  the  range  of  thrust  specified  for  thle 
inveetlgatlen,  Ita  performance  and  eluu'aeteristles  were  Important  fraa 
the  standpoint  of  experlmants  in  conversion  from  gaeaoua  to  llq[uld 
fuels. 


For  initial  tests,  all  of  the  aforaneritlonad  eombustore 
were  built  in  the  straight  configuration  for  almpliolty  and  foenosy 
of  manufacture.  No  effort  wae  made  to  minimise  their  weight  alnee 
eufficient  durability  for  tasting  was  desired  without  requiring 
speolal  attention  to  ahell  oonetruotion*  In  order  to  control  e  rea- 
eenably  close  toleranoa  on  dimansiens,  a  eonloal  ataal  forsilng  mandrel 
was  fabrioated.  The  forming  mandrel  is  I18  inches  long  and  haa  an  In- 
elttdad  angle  of  2°  -  18',  Tbe  small  end  la  0.625  Inohee  in  diameter. 
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Thlc  Mndr«l  used  to  foie  tho  oxhoust  Mptlont  on  all 

ODflQaa  throui^ut  thli  inToitlgatloii*  Ho*  31p  •ttl^Ua*  ctool  ateot* 
of  0,0$0  Inehi  0*032  Inoh,  and  0*020  Inob  tbloknaaa  vara  uaad  ia  aoa* 
juMtloQ  with  hall-arc  valdlng  to  fabrlsata  tha  varioua  alaaa  of 
pulaajata* 


Taohniquaai  othar  thaa  aaauali  for  forelni  and  valdli^  tba 
equator  ehalla  ara  nwaroua  aad  ara  praaorlbad  bjr  tha  aoonceloa  and 
applloatlona  Involiradc  Ona  Intaraatlnt  nathed  vhlob  vaa  lavaatlgatad 
la  alaotroplati.BC*  Flfura  7  ahom  as  HC-1  tjrpa  oonb\iatcr  idsloh  vaa 
formad  aatiraljr  bjr  alaotroplatloc* 

2*1*2  Thruct  Auenantara 

7hruat  au^Motara  vara  aoalad  down  to  natch  oonboator  alia* 
Tha  ■'rulaa  of  ttumb'*  on  tha  auenantar  dlnanalona  ara  lanfth-to-dlanatar  . 
ratio  of  2  for  tha  axhauat  auenantar  and  3  for  tha  inlat  auenantart 
al^t  dagraaa  of  divarcanoa  (Inoludad  anfla)*  and  an  auenantar  throat 
dlaaatar  to  prloarr  Jat  dlaatftar  ratio  of  2*  Fsrrax  flaaa  haa  pnvan 
to  b a  tha  diaapaa-  ‘'aat  natarial  for  tha  sallaat  of  tha  ninlaturlaad 
taat  augnantara  at  la  aaail^  foznad  and  aatiafaotoriljr  withatanda 
tba  oparatinc  taaparaturaaj  tdiioh  ara  aa  high  aa  300^*  Flgura  d 
ahowa  tlia  kay  dinanalona  of  au^antara  for  tha  HO-1  ooabuatcr  and 
Flgura  9  ahowa  actual  pyraz  aa^antara.  Tha  extra  length  la  trlxnad 
during  tha  tuning  preoaaa.  Tha  flared  Inlata  of  tha  larger  augnastera 
v*ra  fornad  fren  nild  ataal  by  natal  aplnoing  and  than  welded  to  the 
eonloal  aaetlona*  Augnantera  of  eictranaly  llidit  weight  (12il  thruat- 
to-weight  ratio)  have  bean  built  for  tha  full  aoala  Pulae  Raaotora 
ualng  honeycomb  or  high  tenparature  "atafoan"  ooverad  with  Flbarglae 
akin  and  high  teaperatura  raaln  aa  iadleatad  in  Raferaneea  1»  2  asd 
13. 


2*1*3  U-Shapad  Cosbuetora 

In  order  to  aarvs  aa  a  thruat  davioa^  In  noat  oaeaa  tha 
pulaajat  coabuator  nwat  be  bant  into  a  U-abapa  ao  that  tha  tailpipa 
and  inlet  point  In  tba  aaaa  dlraotlon  (tha  inlat  and  of  tha  oonbuator 
produoaa  ^noat  aa  mueh  thruat  aa  tha  tailpipe)*  Staple  diet  aa  il- 
luatratad  in  Figure  10  vara  oada  for  tha  U-tum  tailpipa  aaotiena  on 
tha  KC-1  and  the  HH-Kl  ooabuatora*  A  taparad  ataal  aandral  oonfomiag 
to  tha  tailpipe  .inalda  dlaanalona  wee  heated  and  bent  into  the  U-ritape 
of  desired  radiuu*  Its  outline  vaa  than  aorlbad  onto  a  thick  ateal 
plat«>  which  vaa  cut  through  and  filed  to  a  aatiafietoiy  elearanoe* 

Ualng  tha  bant  tailpipe  mandrel*  tha  left  and  right  aldae  of  tha  U-tusn 
were  preasad  out  using  first  ona  aide  and  than  the  other  sifU  of  tha 
steal  plate  die*  These  two  halres  ware  than  welded  together.  Figure 
11  ahowa  tha  mandrel  and  die  along  with  tha  right  and  left  hand  praaalng 
plates  that  were  nucassaxy  to  con^neate  for  tha  taper  of  tha  mandrel* 
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Fifur*  12  Ic  a  ooaparlcon  of  tha  HO-1  aDd.tba  D-ahapad 

ft.‘«baatora*  tba  flat  oosbuatian  ehasbar  bulkhaad  for  tha  EC>1  haa  baaa 
raplaoad  vith  a  1|5^  ooQlaal  oeabuatloa  ohaibar  bulkbaad  for  aaaa  of 
f^rtoatlon  u  wall  aa  ii^royaant  In  atruotural  durabUltgr.  It  bat 
baan  datanlnad  that  thla  tjrpa  of  btalkhaad  doaa  not  advaraal^  affaot 
ooabuator  parfoiaanoa  airij  In  faot(  say  avan  laq^reva  it* 

Flgura  13  Aova  a  aoabuator  of  tba  BO-1  typa  idtioh  bat  baan 
bant  Into  tba  0-ahipa  vltb  a  tiiallar  radlua  than  uaual*  Tbara  la  no 
apparant  advaraa  affaot  on  raaenant  parfonaanot)  hewavar*  tha  Iftlat 
lud  tailplpa  ara  ao  oJ.oaa  tofathar  that  Individ^  thzuat  auiaantara 
(tannot  ba  luad*  A  coaaton  tbruai  aai^ntar  oannot  ba  aapaetad  to  pso- 
dtioa  tba  deairad  aufamtation  ratlea* 

Savaral  UghtiMl^t  U-ahapad  oeabuatora  wara  eonttruetad*  A 
HP-1  pulaajat  aada  of  0«020  Inch  atalalaaa  ataal  valchad  0<,67  lb  far  a 
vaziaui  thiMat-to-«al|M  ratio  of  3*3il.  An  HH-Ml  ecKbuater  of  0«012 
inch  Rajnaa  allop  walfhad  1,16  lb  flyin<  a  aaxlwn  tharoat-to  waiibt 
ratio  of  8«5tl«  Sararal  houra  of  toatinc  hava  baan  aaataulatad  on  tha 
HH<4fl  tdth  ao  avldanoa  of  atruotural  fallura.  For  ooMpailfonf  tba  eoa- 
aaroiallp  arallabla  valvad  pulaajata,  Qpnajat  and  TlAarJat*  walfh  0»$5 
lb  and  0.1j3  lb  for  thruat-t^walcht  raUoa  of  ia*2tl  and  b*6il  raapao- 
tlTal74  Coobuotor  ahalla  of  aig^icantlp  tblnnar  Batarial  raqulra 
oirevBifaraiitial  atiffanara  to  pravant  raaonaat  oaaliaitvi  or  ooUapaa  of 
tha  tubtilar  aaotionai  u  wall  aa  damaga  dua  to  handlini* 

An  attaapt  to  Banufaotura  an  oeabuator  frow  Hapnaa  al- 

lop  of  0.005  laoh  thlokoaaa  wai  sada  with  tha  pravloualjr  daaoribad 
aiiipla  tiling.  The  aatlMtad  maximal  th»at-to-walfbt  ratio  wn^J 
graatar  than  12il.  Thla  angina  waa  not  ooaplatad  dua  to  dlffloultgr  la 
praaalng  out  tha  U-tum  half  aaetiona.  Tha  ihlc  ahaat  aatarlal  would 
net  draw  into  tha  dla  la  oaa  praaalng  oparatlon  without  apllttlng*  Mea- 
ual  ball-aro  wtldlng  of  thla  rarjr  thla  aatarlal  le  alao  diffleultt  but 
la  doaa  auooiaafulljr.  Mora  praotloal  taobidquaa  would  ba  raaistanoa 
lap  waldlng  or  bum-down  flaaga  waldlng.  Manufaoturare  of  tha  bmU 
valvad  pulaajatt  uaa  both  taobaiquaa  on  thin  gaga  aatarialj  for  anapla 
tba  Tlgarjat  and  Opnajat  ara  waldad  bp  aaltlaf'‘dovn  flangaa  laft  from 
half-ahdla  whlla  tha  Mlimaiota  Kigina  Worka  MiB«V«  307  la  raslataaea 
lap-woldad« 

2«2  Fual  and  Fual  Injaction  Sjywtoaa 

Oaeecne  propana  haa  prowan  to  ba  a  latlafaotorp  fual  for 
oparatlon  of  sdniat^aad  Pulaa  Reaotore.  Sona  affori  haa  baen  a»> 
pandad  to  davlaa  a  auoeaaaful  liquid  fual  apatam  for  sull  anglnaai 
and  partial  auooaaa  in  thla  ragam  haa  ban  aohlavad  ualng  gaaoUna* 
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The  nofil*«4  tTtn  with  gM«eu«  futile  bava  b««a  «  pro* 
bl«a  with  tbo  alnlAtur*  valnloia  polMjot  onilnaf*  Ocaurolal  aeuroot 
v«r«  invtatleatad  for  fuol  notslos  of  approprlaU  also  and  proptrtloa 
without  tuooosa.  SoToral  Hlll*r-4««ignod  g^ftana  war*  than  triad. 

Oood  oparatlon  with  a  sodarataly  wlda  throttling  ranga  ualng  propana 
haa  baan  aohlavad  for  thraa  tgrpaa  of  fual  antaaa.  Tha  firat  oenaiata 
of  Inaartljig  tha  fual  Una  Into  tha  o^uatlon  ehiabar  Inlai  along  tha 
longitudinal  axia.  fual  injaotloo  waa  aaocMpllahad  through  four  holaa 
froa  which  jata  aprajr  at  right  angUa  to  tha  longitudinal  adt  of  tha 
angina  inlat.  lha  batt  poaltlon  for  tha  fual  Injaotion  with  thla 
driUad  tuba  gjratan  wu  at  a  plana  parallal  to  and  only  about  1/ti 
inch  i^atraaa  froa  tha  ooabuatloQ  ohahbar  bulkhaad  (fig.  Hi).  Tha 
aaeond  auooaaaful  typa  of  fual  ayataa  (fig.  15)  oonalatad  of  four  tubaa 
Inaartad  through  tha  forward  bu3hhaad  of  tha  ooi^atlon  ohwbar  ihallf 
that  11}  thay  vara  anprojdaataly  parpandloular  to  radial  Uoaa  that  §»• 
tand  outward  froa  tt.a  longitudinal  aidi  of  tha  ooabuator.  fba  flC*l 
ocehuator  waa  flttad  with  tha  firat  typa  of  ^al  noiala*  tha  priaary 
dlaadvantaga  notad  with  thaaa  nottlaa  waa  a  tandaney  to  eheka  and  olog 
aftar  a  faw  houra  of  oparatlon. 

fha  third  and  noat  auooaaaful  typa  of  fual  noiila  waa  an  la^ 
pinganant  typa  noiala  oallad  Orabar’a*  "Quaatlon  Mark*  noaala  (fig.  16). 
It  oauaad  two  Jata  of  fuel  to  atrlka  aaoh  othar  haad*«n  and  fom  a  thin 
dlao^idtaped  apray  pattern.  Thia  nostla  haa  tha  oharaotarlatio  of  van* 
labia  Jat  outlet  area  aa  a  function  of  fual  praaaura}  which  la  ballavad 
at  thia  tina  to  ba  daalrabla  in  Pulaa  Saaotor  oombuator  eparation. 

AlaO}  tha  Jat  euUat  area  waa  aaatly  praaat  to  provide  tha  raqulrad  fual 
flow  rataa  for  a  ranga  of  fual  prasauraa. 

Tha  high  eycllo  operating  rate  of  the  miniature  ooabuatora} 
aa  oonpared  to  the  larger  eorabuatora.  waa  thought  to  oauaa  the  ujority 
of  tha  fuel  ayatan  dlffloultlaa}  and  necaaaltata  a  high  nixing  rata  with 
tha  inoenlng  .dr  charge.  For  good  perfomanea  (Tafo),  tha  fual  Jat 
outlet  area  nuet  ba  of  a  aiae  to  optinlse  fual  Jat  velocity}  panatra* 
tlon,  and  nixing  with  tha  air  charge,  nie  }S«1(  .075)0  and  tha  KK-Ml 
eeabuators  vara  each  fitted  with  two  of  tha  "Quaation  Hark"  nottlaa  for 
teating}  whtreaa  tha  conbuatcr  uaad  four. 

Tha  HH-K2  oenbuater  waa  nada  to  operate  aatlafaetorlly  on 
gaaoUna  than  flttad  with  two  "lorgnette"  fual  nottlaa  aa  ahown  in 
Figure  17.  These  nottlaa  ware  sinllar  in  oparatlon  to  tha  "Quaation 
Mark"  notelO}  but  of  a  different  ahapa  and  tuba  alaa. 


«D.  A.  Orabar  is  Head  Propvilalon  lab  ^ehnlolan  at  KiUar 
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Th*  iMllar  SC-l  eoabucter  ma  fitted  idtii  Mverel  diffeveat 
tgrpea  of  fuel  neiil**  detlcMd  ter  operation  «tth  laaelliMi*  Ibe  flret 
aetila  te  b«  tried  vee  the  lorfoette  type  of  the  clie  vhleb  vea  itteeeee* 
fttl  In  the  RII-M2  ecaboetor  tette«  Vlth  one  noecle  looeted  in  the  eoe* 
buetlen  ehaaberi  the  80^1  eoabueter  eterUd  ead  reaoneted  etroa^  for 
e  fetr  eeoonde  until  the  ahell  end  Beetle  be(en  to  beet  up*  At  tfait 
point  the  fuel  in  the  nettle  tr^MFited  end  reeoatnt  ooabuetlMi  eetoed^ 
due  to  the  rettrieted  fuel  flev  rete.  Three  t^utlent  to  Ihit  preblM 
vere  poeedi 

(1)  To  meke  the  fuel  rattle  iatide  dleaeter  lez^e  c  neut^  to 
peat  the  required  mount  of  veporlted  feaollnej 

(2)  To  uike  the  fuel  noeele  aeell  enough  to  reduee  the  mount 
of  hitet  trentfer  end  to  prevent  veporleetion  of  the  fuel 
inaide  the  noatle] 

(3)  To  piece  the  noetle  in  the  Inlet  peaaefe  where  ita  opere« 
tine  tmpereture  would  be  lower  due  to  the  intemlttent 
flow  of  hot  end  oo^  (ceee* 

Sketobee  (1)  end  (2)  of  Figure  16  ehow  two  tor**  of  noselee  tried  la  the 
BC>1  oenbuetor.  Aeee  were  looeted  In  the  inlet  end  were  of  reletiveli 
large  aiee.  Beaoneat  perfezaeaetj  throat,  end  throttling  range  were 
eetiefeetory,  but  poor  Tafe  eaaooleted  with  thla  ooiile  looetlon  wea 
daaonatreted*  Zn  thla  poaitlon,  diatrlbution  and  mixing  with  the  1»> 
flowing  elratrem  were  good)  bomver,  the  noeele  outlete  oould  not  eenee 
the  qyolle  oombuetion  oheaber  preeeure  rlee  end  eooordingljr,  there  wea 
no  intemlttent  etoppege  of  fuel  flow*  Fuel  wee,  therefore,  being  la- 
Jeoted  into  the  Jet  blovdowi,  recultlng  in  the  poor  Tafe* 

Relooetion  into  the  ombuetlon  oheaber  wea  eoeoapliebad  auD-' 
uaacfully  by  reducing  the  alee  of  the  lorgnette  noeele*  In  thli  way, 
the  beet  trenefer  and  v^rieetlon  problme  were  oontroUed  and  effeo- 
tiva  penetration  into  the  itv>nM<wg  «ir  etrem  wea  retained*  dketo^a 
(3)  end  (Jj)  of  Figure  16  ehow  the  lorgnette  noeele  poeltlon  in  the  eea* 
lEuation  oheaber  end  the  noeele  diaenalone.  Tafe  improved  oenalderabljr 
with  thla  Injection  setup  (aee  Seotloa  h*  S8T  RESULTS). 

2*3  imltion  Syatewa 

Ieoh  pulaejet  wea  equipped  with  e  osell  oedel  airplane  type 
•perk  plug  leoet^  In  the  ocobuatlon  oheaber*  Any  oonveniional  aperic 
•upply  wea  aetiafeetory.  For  multiple  engine  ignition,  e  7*oAinder 
eironft  magneto  driven  by  e  l/U  hereepower  elaetrlo  motor  wee  ueed* 

The  devlte  Corporation  hea  developed  e  pieeeeleotrle 
"•perk  pmp"  of  oeeipeot  end  rugged  dealgn  end  hea  axiooetefuUy  daooa- 
rbreied  ita  uae  on  e  mall,  aingle  oyll^r,  reelpreoetlng  anglne 
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(B«f*r«no*  5)«  iL  vartlon  idtieh  e«a  b«  4etaat*d  bjr  h«nd  sqtMMlBc  !• 
AV«il«blt  «d  li  «ttr«6tlv*  for  polMjot  Ipiltlen  tjrdtMU  irttort  oo»> 
pootaoM  and  portability  art  roquirod* 

One#  a  eoabuftor  «at  oparatlof^  adjaoant  lotarconDootod 
oenbnatoro  oould  bo  atartad  uithout  a  aparic*  !boaa  Intaroonaaotad 
anginat  and  thalr  oharaetarlatlea  ara  daaoribad  in  aaotl«n  l«5* 

Tha  poaalbility  of  utieg  pyrotaohniea  aa  atartlng  davioaa 
for  tha  polaajata  waa  invaatigatad*  Savaral  taata  wra  nada  ualng 
aquiba  and  abort  duration  olniatura  roekata  aa  a  aaana  for  providing 
tte  initial  dlaturtaanoa  and  ignition  in  the  angina,  thua  r^tlaelng  tha 
atartlng  air  Jat  and  apark  plug,  tha  lluitad  taata  vara  not  auseaaafal* 
Mo  oonoluaion  vaa  raaohad  aa  to  tha  poaalbility  of  ultlaata  auoeaaa  of 
thia  tachniqua. 

2*li  Pulaajat  Tuning  and  Oparatlon 

In  aoaling  dow  tha  HS~1  ooabuator  (225  lb  thruat)  to  a  Bin* 
iaturlaad  varaion,  thruat,  ganaral  parfomanca,  and  avan  raaonant  opar» 
ation  oan  ba  loat.  Zn  praliminary  tasting,  tha  minlatura  ecaibuatora 
had  to  ba  tunad  to  a  strongly  raaonant  condition  by  varlationa  in  tha 
fual  ayatan  and  shall  gaonatry.  SiMll  gaonatry  eh^aa  aa  a  raault  of 
tuning  ara  ahovn  by  conparlng  Figurs  1  with  Figure  3  and  in  a  eonpari* 
son  of  Figure  2  with  Fijpjra  U,  aa  wall  as  table  1»  nta  and  HR4(2, 

sealed  froa  tha  new  oombuator  geoaatry  davalopad  under  Bureau  of  Haval 
Weapons  Contraot  NOw  6l*4226«e,  did  not  parferm  wall  in  thalr  original 
difl^iona  and  ware  also  oodiflad.  &  ganaral,  the  ainiatura  ocaibustera 
raqulrad  proportionataly  a  largar  ooabuation  ehanbar  dlanatar  md  a 
longar  tailpipa  than  thalr  largar  air.ad  pradaeaaaora* 

Tha  ability  to  obaarve  tha  pulaa^at  parfontanea  and  praaorlba 
a  ohanga  in  fual  ayatm  or  ahall  gocnatry  to  la^va  ita  oparatlon  hat 
lean  davalopad  as  a  raault  of  aiany  hours  of  testing  and  asparlnentlng* 
Still,  than'  ara  oooaaiona  whan  tho  ralationahipa  batvaan  thaaa  obangia 
and  parfomanoa  ara  vary  p(*«sling.  Tha  prasanoa  of  thrust  au^nantara 
aonatlttas  inorMsaa  tha  baale  parfomanoa  of  tha  oombustor  (a«g»,  aaa 
Kafaranoaa  1,  2  and  13).  However,  at  other  tines  tha  parfemanea  is 
affaotad  advtraaly.  The  fuel  noatla  position  has  provan  to  ba  vuy 
aanaltlva,  not  so  nuoh  for  raaonant  oparatlon  aa  for  optiaiiation  of 
thrust  and  apaoifle  fual  consumption. 

Tha  thrust  augnantara  fraqwntly  axhiblt  a  tuning  affaot 
with  Mangas  in  thalr  laagth  and  diamatar.  Thalr  thrust  output,  in 
tama  of  paroant  of  prloaty  jat  thruat,  also  varlaa  id^  ocnbuator  out- 

fut  and  uppaara  to  dapand  on  tha  jat  p^aa  valoeity  and  configuration 
aaa  also  Rafaranoaa  3  and  It).  In  tha  aavaral  inatanoaa  idiara  poor 
au^nantatlon  oould  not  ba  iaprevad  by  cbangaa  In  tha  augnantar  disMtar 
or  I/D,  tha  Jat  pulse  valool^  and  wave  form  ara  thought  to  ba  at  fault* 
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TlM  fwl  InjtetloQ  pi^blM  hu  prow)  to  bo  aero  exltlool  idth 
tbo  aullor  poloojoto*  thlo  voo  opporoattly  dtM  to  tbo  laoyo—ad  egwlio 
roto  idth  rodnood  flto  vbieb  roqulnt  olooo  ottODtloo  to  fool  ae«^  do- 
•im  and  looatloa  to  Inooro  aoxlra  fool  ponotroUea  aud  dlaporalea  into 
tbo  iftOflaing  air  obarfo*  ittoi^f  to  ooDvort  trm  propaao  saooooa  fool 
to  Uqold  poolino  fbol  iioro  todletu*  Bowovori  thlo  axoa  ot  Inrootliatioa 
roeolTod  aaoh  attootioa*  Tbo  advaatapa  a&d  doalroblUtir  of  lipid  fttlj 
«oro  ^pparoat  aad  poati^  otapliflod  oosbuotor  tootlac  aad  data  preooao* 
iaf  ao  Mil  at  providli^  a  boio  ooroatilo  sli^turo  Polto  BoaHer*  ft«- 
liaioaz^  ooporloBfio  undor  Coatraot  lOir  &L>022^  (loforoaoot  t.  aad  13) 

Kith  too  intoxmodiato  aiood  oeabtiotort  of  5«>lA  aad  inoh  ocabiif 
tion  ohaabor  diMotoro  ladieatod  that  tho  2*-dA  laob  olio  aao  tho  nallott 
at  that  tlJM  Khioh  ooald  bo  oporatod  eoor  a  KLdo  throttllaf  raap  Kithovt 
aotiooablo  atarliag  aad  porfomaaot  problMO.  BoMoar*  bp  tho  aad  of  tho 
projoot  dooorlbod  boTolAj  liquid  fuol  tappSp  toohaiquoo  bad  pregroaaod  to 
tho  polttt  idMto  oKin  tho  Mall  BD-l  ooabattero  voro  oporatod  ntaoooofbllp 
on  gatollno  (too  toetioa  lul}« 

At  qoalltatlvo  l^itloo  fioaotor  epo' »  of  oporatloa  map  ba  do* 
aerlbod  brloflp  idth  roforonoo  to  Bigoro  Btartij^  it  aeacoipliMod 
bp  tlnlUaoottalp  taroiag  on  tbo  igaitioaf  faolf  aad  otartlng  air*  (So- 
l^oooBoat  of  tho  otartlag  air  otraom  bp  a  Mall  jot  of  prepaao  haa  pxoMB 
to  bo  oooooaaful  is  oeno  oenflguratioaa*)  tbo  roonltlag  oeahmotdoB  aouooo 
a  proaouro  balld-iqpf,  aad  tha  air  aad  oombaotloa  pieduota  oopaad  ent  both 
oada  of  tho  oonbootor*  latrodudlBg  tho  Mhaatt  pbaio*  tn  thlo  pMto»  ^ 
tho  ignition  aad  otartlag  air  aro  tamod  off,  aad  ao  tho  prooom  in  tho 
ooobuotlon  ohoahor  it  hlghor  tbos  tho  tbol  prooorro,  tho  fuol  flow  aaaooo 
wMBtarllp*  Tbo  aomontam  of  tho  oxbonot  gaooo  eauooo  an  nror  airmolon 
la  tho  ooabnotlon  ohoabor  and  floK  rororoao  in  tha  lalot  oad.tallpipo* 
During  thla  lafloa  phaoo,  ao  tho  ooid^uotien  ohoabor  ppoouro  lo  a^otaa- 
tlallp  baloK  tho  fool  aanlfeld  proofuro,  tho  fuol  tgaln  flcnro  into  tbo 
ohaabor*  Ibo  air  floao  Mloh  ontor  from  both  aado  of  tho  oeobuotar  e^- 
lldo  la  tho  oeabuotien  ohMbor  and  tbaro  lo  o  vlgoreuo  alxiag  of  tho 
ooalng  alr-ohargo  and  fool*  Tbo  hot  prodnoto  of  oeabnotloa  lAiob  didn't 
qulto  oooopo  frca  tbo  tcilplpo  daring  tbo  proviodo  phaooo  oro  theroap^ 
Bind  Idth  tho  frooh  ohargo  aad  farniah  maltiplo  polato  of  ignition  for 
tho  nozt  OGabuotien  phaoo*  Starting  air  and  ^aifc  aro  net  noodod  for  tho 
foUoKiag  opoloo,  Khioh  aro  ropoatod  at  a  froquonop  dotorainod  bp  tho 
also  of  tho  ooabuotor*  Tbo  vlgoraao  oad  multlplo-polnt  'gnitien 

ojq^loini  «hp  tho  rooonant  oeabaotor  aagr  bo  oporotod  on  a  tddo  var  of 
fuoli*  Tha  porfemanoo  (at  aoa  loval)  deoo  net,  la  general,  dept  ..i  on 
tbo  uao  of  f\xolo  Kith  high  Amo  opoodo,  bat  oalp  on  tho  booting  koIm 
oad  tho  nixing  offielonep*  Of  oddltioaol  Importaaoo  lo  tho  votp  r^ld 
thrunt  rooponoo  to  ehangoo  In  fuol  floK  rota*  It  lo  ootlmatod  that  tho 
Puloo  Roaotor'o  throttlo  rooponoo  lo  oeaploto  vithin  throo  to  four  oo»> 
buotion  opoloo,  a  moU  frootlon  of  a  oooend* 


Am  lat«x«ltt«Dt  j«t«  troa  the  tail  of  the  eeahustor  eea  be 
ooapoi^  to  pietoae  oj  they  troirol  throo^  the  einaentere,  feretac  air 
ottt  ahoad  tad  dreidat  aableat  air  ia  over  the  oorved  aejuntar  entraaoe. 
With  eptlBiai  loeaetiy  ralatioaahlpa  betwaoB  the  aecMotara  and  oaabtiatoi^ 
the  threat  of  the  ooahuator  oaa  tMuaUjr  bo  aora  thaa  doubled*  Booaaao 
It  baa  boon  dlaeorared  that  the  proaaaoo  of  angiantara  affoota  the  par^ 
foimanoa  of  the  baale  ooMbuatori  the  aa^Mutattoa  ratio  la  daflaad  ae 
tha  total  thruat  (ooahuator  aad  au^ater  oaabiaaUeo)  divldad  W  tha 
thruat  of  tha  oeabaator  idMB  operated  alooa* 

r.5  Teat  8U 

It  uaa  deoldad  to  oae  the  thruat  plate  tinhnlQaa  for  tha 
Initial  pei^omanoa  teata  of  the  atralfht  ooebuatore.  Thia  uaa  dozM 
for  the  foUovlac  reaeonat  flrat,  it  la  eaaier  to  build  the  anfiaa  in 
the  atralght  eonflfuratloni  Seooad^  uban  the  atralgbt  siiinea  are 
teated  on  a  eore  oonventional  threat  bedj  one  oan  Boaeare  only  tha  dif« 
farenoe  botween  ttM  thruet  frc^the  iiOet  and  outlet*  With  two  thruat 
plataa<  inlet  and  aidMuat  thruat  oan  bo  eoatured  aaparataly. 

Coaoominc  doiign  of  the  thruat  plate  type  aeobaaiM  for 
■aiaiiraeint  of  Jot  reaction  thruat,  refarenoo  «aa  nida  to  an  tncLlab 
artudy  by  P«  1.  Boea  (Ref*  6}*  Aie  aaaanea  of  tha  problai  of  aoourata 
Maauraeant  with  thruat  pletea  Iloa  in  the  nooeaalty  of  tumlnf  the  jet 
efflux  preoiaely  90^*  Othemlae,  the  mmU  an(la  by  vhiob  tha  Jet  la 
net  orth^nal  to  ita  original  axia  repreaanta  a  al«Aifloant  error* 
m  order  to  inereaae  the  eeoureoy,  it  wae  deelded  that  the  thruat  plate 
ahould  have  thin,  parallel  platea  nounted  on  tha  edfe  of  tha  thruat 
plate,  iddeb  aet  aa  flov  atral(bteaara«  Fifura  20  ahovi  the  thruat 
plate  ooaatruotloo* 

laoh  thruat  plate  waa  provided  with  a  Baftn  pnaiaatio  null- 
balanee  thruat  oell.  A  variable  aaohanioal  aultipUar  llxiuia  vaa  iia- 
atallel  idiidi  allova  the  full  range  of  the  thruat  call  to  bo  uaod  for 
any  eta#  eoabuator  vithin  the  S  to  l^lh  thruat  range*  A  thruat  call 
vaa  Inatalled  on  the  angina  auppert  airuotura  to  provlda  a  dlreot  vaa* 
aurevent  of  thnut  for  toeta  of  iVabapod  Fulao  Baaetera*  The  thruat 
vaa  ladloatod  on  a  preaeure  gag«  in  P*id  nnd  oMirartod  to  pouada  thruat 
by  naana  of  a  oallbratlea  toat*  BatiMtod  aoeuraey  of  tha  thruat 
aaaauzvMnt  waa  vithin  *  S%4  A  later  oca^Mrlaon  vada  betMen  tha  thruat 
indloatlon  of  tha  thruaT  {date  and  tha  diraot  threat  Indloatiov  of  a  0- 
ahaped  ocnbuator  varlflod  thia  eatiaatod  aoeuraey* 

Propane  fuel  aupply  for  toata  on  the  B0>1  oenbnatora  eon- 
elated  of  three  25*^alleB  U^ld  propane  atoraga  tanka  oonnaotad  to  a 
fuel  vanlfold.  A  larger  propane  aup^  ayatev  (a  gOO-oallon  atoraga 
tank  with  a  2  inch  diaMior  feed  line)  vaa  later  InetaUed  In  order  to 
ieet  the  larger  eisea  of  viniature  englnaa. 
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Fipn**  21  abom  tha  thruat  ataad  aj^  control  conaola«  idU.cb 
eoatalna  all  oontrola  naeaaaary  for  oparatlon  aa  vail  aa  gafoa  ptovl- 
dln(  raadlnga  of  thrust^  foal  flow  nt»,  fnal  praaaura>  foal  tai^iara- 
tura  and  oaaibuation  ohaabar  avaraga  praaaura.  Prepaaa  fual  flov  rata 
■aaattraaant  vaa  aatijutad  to  ba  aoeurata  uauallj  to  about  *$%,  Hov- 
avar,  difficulty  vaa  oecaaionally  ancouatarad  In  tha  font  ^  U)  fluo- 
tuatlona  of  tha  floata  of  tha  taparad-tuba  flow  matara  (Breoka  SIK>-iUn 
"150*  BotaMtare)  and  (2)  tha  occaalonal  praaanoa  of  both  liquid  nd 
(aaaoua  phaaaa  in  tha  Mtarlng  ayataa^  id^ob  raduoad  aecuracgr  of 
■aaaurasMnt  to  an  aatimatad  ^lOK  and  raquirad  adjuataanta  to  tl»  fual 
at^ly  and  aatarlng  qratau.  ~ 

OaaoUna  fual  aupply  to  tha  thruat  ataod  waa  fuirnlahad  by  a 
anall  Viekara  poaitlva  dlaplaeanent  pta^,  with  a  praaaura  by-paaa 
driven  by  a  1/^  horaapovar  notor.  Starting  air  aourca  waa  a 
convantlonal  air  conpraaaor  aupplylng  air  at  60  to  100  palg« 
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iMh  ooabuftor  ct  4  P4rti0«l4r  vu  s&vta  4d  ladltldMl 
p«ffonB4Bo«  teat  to  ianura  that  all  hava  aea^araUa  parfasaDoe  oba- 
raetarlatlea.  Tha  oeaibtiatora  vara  thaa  arraafad  ta  tha  daatrad 
olaatar  eoafiftaratloiu  AaiMBtara  aara  otaalljr  toaad  to  tha  ee»» 
htiatera  for  aaidw  p^omaaaa  hjr  yaijliif  tha  awgiagtar  laacth  and 
tha  apaolas  hattNao  tha  iruiaif  tr  aad  tha  aeahaator*  Hrfoaiaaaa 
aaa  aetod  far  tha  Individual  ocadraater,  tha  ladlvld^  Palaa  laaator 
(oeahuator  aod  awgaantara)^  aad  tha  Hlao  laaator  elaatar* 
qaaaojr  of  raaohast  ooahttatloii  aaa  ufoallr  datanlaad  bp  acararlm 
aad  ^nuhroaialac  aarally  tha  aisaal  iw  aa  aadle  eaoUlater  alth 
tha  aelaa  fro*  tha  pulaa^ata* 

Tha  aaoaatla  erar*>all  aaar  Mlaa  laral  of  tbaaa  oeabaatora 
la  It  tha  aai<bb«i4Mad  of  130  db  (daoibola)  at  tha  raaeaatlac  fra> 
qaaaep  aad  raotad  fraa  12li  to  IXl  db*  MMBtlat  of  Maa  aad  laatrs- 
aaata  la  eoatral  ooaaalaa  aad  paaalt  vit^t  aaottatla  IraatHaat  la 
poor  praatleo  aa  tha  paaala  ara  foraad  lata  vlhratiea*  aad  goto  llfa» 
aa  vail  aa  tha  aaooraap  of  tha  raadlaga^  la  affaatad*  la  aa  aaapla* 
«a  hava  baaa  oalat  Brook#  SBO-IIR  «350*  Intfatnra  idth  a  ttpazvd 
tt^  aad  ipbarlaal  float  for  oar  foal  flav  aaaaaMMBta*  thla 
flaw  nator  tat««p  vaa  partloolarijr  aaaaltlva  to  ilbratiM  la  that 
oartala  aoadltloiia  tdll  aottoa  tha  float  to  rail  areaad  tha  **»•<*** 
olretaifaraBoa  of  tha  taparad  tdba«  Itedar  thla  ooadltlea.  tha  flav 
■ator  vlU  aet  ladlaata  tha  aoittal  flov  u  ealibratad*  la  addltloa» 
tha  "baaalac*  of  tha  float  aap  ba  ao  rapid  aa  ta  ba  aadataotabla 
aaoapt  uadar  tha  aloaaat  aervtlapo  la  gooaral,  laatxvaaatatloB  aad 
^ratwa  idileh  ara  affaotad  bp  vibratloa  ahoold  raaalva  aooaatloal 
aad  ■oahaaloal  laaolatlea  froa  Tlhratioa  if  viad  la  tha  ?alaa  laaator 
ttvlroBnant* 

Zt  haa  baaa  ebaarrad  that  tha  traad  of  oeabattioa  ohaabar 
aToraga  praaaora  of  vCTOlaot  jralaajata  foUova  tha  traad  of  throat 
for  Tarloua  foal  flov  rataa,  aa  it  doaa  for  valrad  polaajata  (laf* 

?)•  For  a  flaad  aaglaa  oeafictfratlea*  tha  ooahuatloa  ohaabar  avaraga 
praaaora  la  than  a  good  iadloator  of  throat  padrfosaeoa*  Slaoa  thla 
la  aoeh  a  alapla  paravatar  to  vaaaara.  It  la  varp  oaafol  for  aato- 
■atio  ooatrel  darloaa  aad  aa  a  ooatlwooa  oparatloaal  iadloator  of 
lataraal  parfomaaa  idilob  eaa  ba  ealibrfitad  la  toisa  of  throat 
(lafaroBoa  13)«  aad  haa  baaa  ao  da«oBatrat«d  oa  largar  oisa  a^ijMBt 
than  taatad  la  thla  prejaot*  It  vaa  uiad  in  tha  gaaoUaa  foal  taata 
vlth  tha  alalatora  8H4a  aad  SM  aedala  aa  a  roogb  ladleatloa 

of  parfemaaoa  iaproTavaui  aa  ohangaa  la  tha  foal  apatav  vara  trlad« 


Zu  TIST  BifigLT8 


L*1  HO-1  Pula#  Rajtetcr 


Initial  taata  vara  parfanud  idth  fix  C>J.  ecaibttfteraf 
with  drlUad  toba  tgrpa  noiiilaa  (n.g*  Iti  az^  1$)>  arrangad  flrat  In 
tvD  reva  vith  apaolng  ol  2^  Indiaa  batvaan  oaatara  varbleally  and  3 
In^f  batvaan  eantara  borliontaUj^  vhlsh  vaa  about  aa  oloaa  to- 
gatbar  aa  thay  oould  faa  plaoad  (Pig*  22)«  and  than  In  lino  or  ■train'* 
vith  about  zi  Inohaa  batvaan  easbuator  oantarlinaa*  Flgura  23  ahovi 
tha  ganaral  arrangaant  for  tha  Una  or  ■train'*,  although  tha  apaolng 
pleturad  la  paatar  baoauaa  aupantara  ara  alao  ahovn  In  that  photo- 
paph. 


Uaing  propaaa  fual,  aaoh  ooa^xxator  atartad  aaally  alona 
and  ran  at  a  raaonant  Iraqi  anojr  of  approidaataljr  320  opa*  lihan 
oparaUng  in  a  alngla  row  of  tikraa,  tha  anglnaa  aaaod  to  loedt  In  phaaa 
and  run  aoothljr*  Vith  all  alx  oouuatora  ^parating  at  onea,  thara 
vaa  a  netioaabla  boat  whloh  indleatad  a  dlffaranoa  In  raaonant  fro- 
quanoy  batwaan  two  or  uora  anglnaa*  Thla  affaot  vaa  nora  notioaabla 
in  tha  oaaa  of  tha  in-Una  arrangaBant  aa  eoaparad  to  tha  rostangular 
array*  Pual  flow  rata  waraua  throat  for  both  tha  raotangular  array 
taata  and  tha  in-Una  taata  la  ahown  in  Plgura  22j*  Data  points  in- 
dloata  unaupiantad  pulaajata  oparation  with  l,2,3fli»^  nnd  6  ecid)uatora 
wnning  in  tha  combinationa  ahown  with  a  fual  flow  rata  of  12  ^/br 
aaoh*  It  waa  dlffloult  to  gat  all  alx  eombuatora  to  oparata  ainulta- 
naouely  at  any  othar  fual  flow  rata*  furihantoro,  Intarprotation  of 
thaea  raaulta  waa  ooapUoatad  by  tha  f&ot  that  thia  waa  alao  ^?proxl- 
Mtaly  tha  najdsun  rata  at^whloh  tha  atoraga  tanka  oould  aupply  pro- 
pana  to  all  six  eoabuatora*  Thruat-apaoiflo  fual  eonauRptien  vaa 
than  In  tha  ranga  of  6  to  6  pound#  of  fual  par  hour  par  pound  of 
thrust*  With  tha  raotangular  oluatar  array  thara  vaa  a  dafinita  and 
inoraaalng  drop  in  thrust  idian  tha  nuBd»ar  of  anginas  oparatlng  aianl- 
tanaously  vaa  Inoraaaad  to  flva  and  than  six  (Pig*  2l),  with  a  leas 
of  about  20%  for  tha  lattar* 

■aiiffar*  taata,  using  tha  iTebnacn-VllUiBa  Ko»  1201, 

Modal  0  Snlffar,  indioatad  that  tona  unbumad  propana  waa  baing 
blown  back  out  of  tha  inlat*  HowoTar,  in  tha  oaaa  of  In-Una  opara¬ 
tion  of  aa  many  as  six  anginas,  although  tha  oparatlng  thrust  ranga 
vaa  still  Tazy  narrow,  thara  waa  no  loas  of  thrust  dus  to  proxlaity 
aran  though  tha  adjaeant  conbuatien  ohmibara  vara  so  oloaa  aa  to  ba 
in  dlraot  contact* 

Subsaquant  Inproraawnt  in  daaign  and  location  of  tha  fual 
Injeeticn  systan  Inprorad  thrust  and  Tafo,  but  again  insuffleiant 
fusl  flow  rata  pravantad  maxinua  olustar  parfomanca  from  baing 
*Fual  ayetam  improTamant  waa  plannad  for  aueotading  phaaa 
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rMoh*d«  It  a^ottd  that  dlraot  tubular  iJstareaBaaotldB  batnaaa 
tba  adjaeant  oeaboatera  ueuld  broadan  tba  oparatiuc  racfa  ct  tbruai 
and  radoea  Intarfaranea  dua  to  aaatutio  eavllitc«  partioularly  la 
tha  raotangular  arrari  but  auoh  diraat  intaraamaotlaa  aj^arlaantatlea 
'.la  raatrlotad  ta  tba  latar  taaua  of  tlM  laproTad  Talralaaa  pulaajat 
oenbuatera*  nodala  BI-MS  and  (aaa  aaotlan  k*$)» 

Fifura  26  ahaiM  thruat  iraroua  fuel  flow  rata  for  ona  B(M 
ooiAuatari  aafnantad  and  ueaaifaaatad^  Oiaparlaon  idtb  Flfora  Sit 
painta  out  tha  lialtatloaa  of  tha  aaall  propaaa  fttal  aupi^  ajratan 
la  that  flaw  rataa  vara  InaofflelaBt  to  raaob  naTitn  parfenuaoa 
with  all  ala  oanbuatara  aparatia<«  la  faot>  It  It  doubtful  wfaathar 
aaxUnxa  parfoaaaoa  with  juat  ana  ocaibuater  waa  quite  raaahady  aa 
tha  uaaujwatad  throat  ourra  daat  zkot  thaw  tha  ^at  aharaatarlatla 
*paaklnc*  er  at  laaat  flattaolRc  out  at  naxlMK  flew  rataa  (Kafaranaaa 
1  and  2)*  Nawarthalaaoi  aloater  parfoznanaa  aan  ba  aanparad  with 
ladlvldoil.  Folaa  Kaaetor  paifanusaa  at  nld*ranta  flow  ratea*  Fran 
Flcura  2$|  oluatar  throat  of  13«5  i^a  asfMBtad  at  a  flow  rata  af  6? 
pph  aaiparaa  alaMtt  Idaatleallj  with  6  tlaaa  tha  alagla  Fulaa  Baaater 
partamanaa  af  Fleur*  26  af  2«3  Ih  throat  au^uotad  at  11*1  pph* 
IharafarOf  It  naj  ba  aanaludad  that  tbara  la  vary  Uttla  affaat  af 
atifeuatar  Intaraatlan  an  total  throat  and  thruat-apaedfle  fual  aaa- 
anptloB  (Tafa)  at  thla  parUaolar  flew  nta*  Thla  la  probabl/  alaa 
the  aaa*  far  tha  eatlra  throat  ra&ia  la  the  raataaeolar  arrays* 

That  111  thajr  naj'  althar  oaaaa  aparatiaa  antlraljr  ar^  if  tba^  aparute 
at  all»  than  aparata  without  lata  dua  to  aloaa  proxlnitjr*  Maziaun 
tluruat  par  unit  anflBa  vpimt  far  the  alail*  polaajot  af  Flgur*  26^ 
uaaumaatad,  wta  150  }h/frwlth  a  oeatbueter  v^una  af  OiCXLB  ft'* 

Twa  B(M.  O-ahapod  aairisuatar*  war*  parfOTBaDoa-teetad  an 
laaollaa*  Slnulttnaaua  aparatian  with  the  tallpipaa  alneat  tauahlj  | 
ahewad  affaata  of  latarfaraaa*  In  that  it  wta  dlfrloult  ta  (*t  that, 
bath  to  yeaenata  ertr  tha  aeaplat*  foal  flaw  rang**  but  ladlTldual 
parfemanoa  wta  food*  Flguaw  27  praaante  tba  thruat  Ttraua  fual 
flaw  rate  date  far  ana  unauipaBtad  BO-1  0-ahapad  aodiuatar*  Tba 
Tafo  af  5*2  la  elgniflatBtlp  batter  than  tba  5*6  flour*  for  tba 
atrtl^  EO-1  aonbuatcr  operated  an  gaaeawa  prapaaia*  do*  aalnlj'  ta 
tba  Ipprewod  aaaal*  laaatloa*  Kowwar^  aatliww  t?uruat  wta  not  aa 
great* 


it  thla  paint  la  tba  progroi  a  eaeparlaoB  of  thruat 
■aaauilBg  aatbeda  waa  aoaanpllahad  ^  aaaavrliv  tba  lilraot  thruat 
af  tha  U-abapad  BO-1  aeibuttar  In  a  auppart  arraageniat  Uha  that 
d>  own  la  Flgur*  37  and  aenparii^  it  witli  tba  thraat  nataurod  bj- 
uaa  af  a  thruat  plate  aa  ahewa  la  Flgurt  20*  Tha  oerralatian  waa 
wlthla  tha  gonaral  aeouraar  of  thruat  aotaorMaai  of  about  * 
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lj.2  H8«lt.07S)"3  PbIw  tauter 

OriLy  oiu  HS>1(.075}’>3  Reactor  vm  tcctod*  The  d*cig« 
nation  waa  used  to  indicate  that  the  BS>1  configuration^  that  ie 
described  in  Referencee  1  and  2,  ms  eealad  down  by  the  ratio  of 
0*075  to  If  and  the  -3  referred  to  the  third  aodlfloation  of  this 
basic  desipi.  Its  perfomance  vas  not  attractive  in  viev  of  the 
superior  perfonnence  of  the  nev  KK-.type  geoaetrjt  ehloh  me  aoaXed 
down  from  a  5*25*lneh  dlaaatar  aoabuetor  that  was  developed  under 
the  program  described  in  References  2  and  13*  However,  it  started 
easily  and  vas  eharaetarlsed  by  nooth  and  atabla  operation,  aapaclal- 
ly  at  the  lower  fuel  flow  rates,  the  test  set-up  and  distansiona  are 
^o>'n  in  ?lgure  li«  Figure  23  presenta  data  on  thruat  and  averaga 
coBbuatlon  oheaber  pressure  vs*  fuel  flos*  rate  for  the  oeeibuetor, 
augmented  and  unauamented.  Unaugnentad,  tha  combustor  producsd  a 
na^diRun  thrust  of  B*5  lbs  and  a  tefc  of  h*0  pph/lb  at  7*5  lb  thruat* 
Auenanted,  najdmum  thruat  was  11  lb  and  beet  T^o  was  2*6  pptv4b, 
but  rlchout  occurred  at  a  '.lower  foal  flow  rata  than  for  tha  unau^ntad 
coiibueior.  The  perfomance  curvaa  .tr*  tcmlnated  at  the  upper  ends  by 
combustor  rlchcut  >diich  indicates  that  there  vas  auffloient  fuel  flow 
rate  to  give  maximum  thrust  for  this  particular  engine  and  fuel  systsn. 

It  is  apparent  that  Uie  au^ntation  ratio  of  1*5  ct  naal- 
mun  thrust  is  far  below  tdiat  can  be  expected.  For  analyslB,  Figure  2P 
shows  the  thrust  of  the  exhaust  and  iidet  ends  of  the  hilse  Reactor 
separately.  Augnentatlon  ratio  of  the  exhaust  is  lov  but  otarts  to 
increase  at  the  maximum  fuel  flow  rate,  while  inlet  augmentation 
starts  high  and  drops  as  fuel  flow  increases.  Psrfoxnanos  of  this 
type  is  caused  by  either  poor  matching  and  tuning  of  tha  augmanters 
to  combustor  or  perhaps  a  combustor  geometry  which  doee  not  perform 
veil  when  augmented.  Several  hours,  however,  vert  spent  in  trying  to 
tune  augmenters  to  this  combustor  with  no  improvement  In  augmentation 
ratio.  Ale^,  the  effect  of  the  proximity  of  thruet  plates  on  combustor 
and  augmenter  perfonnince  had  >x>t  yet  been  preolsaly  detrained* 

Thruet  per  unit  engine  volw^  unaugnented,  wee  97  Ib/ft^  and  angina 
volume  was  0*060  fV. 

HH*^.  Pules  Raaetor 

The  HK-1}1  geometry  and  test  set-up  la  Illustrated  In 
Figure  5«  Figures  30  and  31  present  thrust,  sverags  combustion  cham¬ 
ber  pressure,  end  augmentation  ratio  vs*  fuel  flow  rate  for  one  KR*411 
Pulse  Reactor.  Haodmum  thrusc,  unaugmented,  was  approximately  10  Iba 
with  A  Tsfe  of  3.2  pphAb.  Augmented,  ma^dnum  thruat  wae  17  lb  with 
a  Tefc  of  1.8  pphAb*  Combustor  rlchout  did  not  ooour  and  fual  flow 
rate  could  not  be  Increased  beyond  that  ehevn  even  though  the  large 
^00  gal.  fuel  supply  was  being  used.  It  ie  suspected  that  another  3 


21 


t9  li  Ibf  thruct  co^d  b«  Achi«v*d  f»r  tht  au^uitcd  oca&oft^r  bcr  In- 
os^ilac  th*  flev  rftt«  aaotbcr  10  t«  15  ppH* 

iviiPMat»tion  rtUc  of  1*5  !■  r^proionUtlT*  of  idut  ahouU 
b«  upoetod  for  this  Pulto  lUootor*  RoMiunt  oosbujtloB  fr*- 
^oo&oy  mt  210  opt*  HaxIaud  thmit/velou  for  tho  ooidBuator  m»  lliO 
Ib/ftJ. 

Thr«o  •tralcht  KS'^Q  Soootor*  wort  arrtogod  in  a  row 

with  t  «paoin(  of  9  Inohoa  boiotea  o^tora>  wbiob  vao  ai  oloao  aa  tha 
au0Mntara  would  paislt*  Pigura  32  ahowa  tbalr  parfexma&ea  in  taxsa  of 
thrviat  and  aucmntation  ratio  va.  iUal  flow  rata»  Maxiana  oluatar 
thni'',  onau^antadf  waa  22*5  Iba  tdih  a  Tafo  of  3*3  ppl0^«  iag* 
mi’  if  aajdBum  thruat  vaa  36  lb,  but  at  a  loir-r  fual  flow  rata  than 
idian  unau0iaatad  and  with  a  Tafo  of  1«9  ppl^b*  iu^MBtatloa  ra^^ 
waa  l^fit  igala,  fual  flow  rata  waa  InauffiolaBt  to  raaoh  tba  hlfhaat 
poaaibla  parfoRBanoa* 

Sound  laral  raadinga  wara  takaa  uciBg  a  Oanaral  Radio  Go* 
Bound  laval  natar,  Typa  1551  A«  Tha  C  waighting  aoala  waa  uaad  to 
prorlda  a  ralatlr^  flat  fraquanojr  raapcnaa  at  tha  130  db  laval  and 
tha  raadlBga  wara  t^an  at  a  dlataBoa  of  25  ftc  Aa  tha  taat  ataad 
waa  looatad  undar  a  ahaltar  tdiich  eaaaad  aaaia  aohe  and  aouad  raflao* 
tioBi  tha  Bound  laval  raadlnga  ahould  not  ba  oonaidarad  quantitatlTalp 
aa  vaxy  raliabla*  Thap  do*  howavarf  rapraaant  ttia  affaot  of  mltipla 
aaglna  oparation«  Tahla  1  praaaata  raadlnga  with  1,  2,  and  3  anginaa 
oparating,  aaoh  with  tha  aoaa  fual  flow  rata*  Two  raadlnga  rapraaaat 
wa  axtranaa  of  tha  indieatlng  naadla  fluotuatlon  and  tha  thirds  the 
arcraga  obaarrad  v«lua« 
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Tho  pulaajata  wara  not  Intareonnaotad  aikd  tha  audlbla  boat  indleatad 
that  thaj  would  not  atay  In  c/nohrenlaatioB* 
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li«b  HH-*C  PuIm  Itoactor 


Thr««  airtight  HH-H2  eci^tuterat  with  distniionf  ••  ahcwn 
In  Figure  6,  war*  aat  up  on  tha  thruat  tt^  with  9”  apaolng  batwaan 
oantara*  Saoh  ec&buator  wae  /ittad  with  four  '*l«rcoatta''  tgrpa  fual 
aoatlaa.  Augaantara  ware  tha  aaua  a#  thoaa  uaad  for  tha  RIMQ.  taata* 
Fual  flow  for  aaoh  eonbuator  waa  fumlabad  through  two  flew  Mtara 
and  supply  Unas  in  parallal  ooimaction,  and  thua  higher  fual  flew 
rates  than  thoaa  for  tha  HH-KL  taste  wars  ebtainad* 

Tha  parfomanod  of  ona  ooihuator  Ir  shown  in  Figuraa  33 
and  3b*  UnaugBantada  eaximun  thrnst  was  12*5  lb  with  a  Tafo  of  3*6 
pph/lb.  Augaantadi  tnajdaim  throat  waa  23*$  lb  with  a  Tafo  of  2*0 
pph^  giving  an  augaantatlon  raUo  of  1*8*  It  is  of  Intaraat  to 
note  how  nearly  oon  stant  is  Uia  thrust-apaoifio  fual  oonswiption 
(Tafo)  in  each  eaaa* 

In  tha  single  ccnbuator  test,  tha  riob-out  point  waa 
raaohad»  iueaantars  ware  sli^tly  undarsisad  aa  they  ware  built  to 
■atoh  tha  KH-M.  ooabuator,  and  aooordlitglyi  th-s  aupientatien  was 
below  that  of  tha  HH'M.i  Note  that  tha  trends  of  thrust  augKantati.on 
are  quits  different  at  inlet  and  at  tailpipe  mds  of  tha  otabustor 
as  indicated  in  tha  upper  curves  on  Figure  3lu 

Resonant  oomtauation  fraquaney  was  166  eps*  Ocobuator 
auudnun  thrust/volma  ratio  waa  oaleulatad  to  be  125  Ib/fv*  With 
all  three  oonbuatore  operating,  fUal  flow  rata  was  again  telow  that 
required  for  full  parfoznanoe  and  tha  rleh-out  point  was  not  raaohad* 
Ftm  Figure  35  mai^un  thrust,  unaugaentad,  waa  30  lb  with  a  Ttfo 
of  3«5  pph/lb.  iu^iented,  naxlBUB  thrust  was  b7*5  lb  with  a  Tafo 
of  2*2  and  an  augaantatlon  ratio  of  1.6.  It  is  ballavad  that  hlgtaar 
thrust  augmentation  oan  be  aohlavad  through  better  aatohlng  of  aug- 
nantars  and  conbuatore.  Si^rport  for  this  belief  oonaa  from  noting 
(frcn  Figure  33)  that  tha  average  ecnbustlon  ohsabar  prasaura  la 
lower  In  tha  prasanea  of  thrust  augmsntsre  than  without  theis.  In 
teats  with  larger  Pulse  Raaotors  (Rafaranoas  1,  2  and  3),  tha  highest 
thrust  augmentation  was  achlsved  in  oonjunetlon  with  ineraasad 
average  ooabuatien  chmnber  prassnra* 

The  majority  of  gains  in  liquid  fuel  injaotien  taohniquss 
ware  made  with  the  HH-H2  engine  fitted  with  two  of  the  mall  lorgnette 
fuel  noaslas. 

Tha  liquid  fuel  chaok-eut  testa  with  80-90  ootana  gaaolina 
ware  surprising  In  that  the  oombustor  started  aaaily  tha  first  tlM 
and  resonated  over  a  fuel  flow  range  of  205*  Combustion  ohambar 
average  pressure  raaehsd  a  maxitaB  of  1*0  poig  before  rioh-out. 
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BaMd  OB  Iti  roBfb  oporBilaf  obarAoUrlttlo««  It  mi  ooaoludod  th«t 
tbo  iolit  tabi  dlaiaaloBa  mm  too  Itfmi  aeoordiBBl]r«  thi  i^t 
diamtor  i»d  lonsth  mm  mduood  from  l4y2»  dlmiUr  by  $-3/1)* 

UBfih  to  1-3/6"  dlMMtor  by  $-l^«  l«i«th.  VLth  tfai  mm  ^Ml 
Aottloi  ttd  looBtloa,  thi  oaabuitor  tbaa  mioDatod  omr  »  $0$  fml 
flov  mail  lad  tbi  aoBbuitloa  ohnibor  ammfo  ^iiuri  mubod  1*$ 
p«i|»  IbU  tbit  idtb  propiaij  aiadam  loi^uitioa  ehaifeir  ammci 
pmimm  approiebod  2*0  p«l|.  Tbli  aormipeadi  to  about  9.5  Iba 
tfaruit  vLth  la  latlnitid  pmpaai  fml  flow  mti  of  35  peuaia  pei' 
hour.  Suooaa  viih  liquid  fail  lajootion  dapoi^a,  firat  of  $11,  on 
oeabuitor  ahall  gaMitiy  ihlob  suit  bi  fivombla  to  atmaq  maaaanoo. 
Than  th#  full  nocili  aLu,  oproy  pittim  and  looitioa  mqulmmnti 
■oat  bi  mt. 

1|*5.  ftiliijit  latorooaniotlaa  and  ayaohmniiitlon 

Thrio  itmight  UH4<2  oenbuitori  mm  eoaaiotod  togotbir  ' 
It  tba  ooabuition  ohiabor  vlth  5-3/ii"  lii«tba  of  3/8"  i.d.  tubli« 

11  Uluatmtod  la  Plgum  36.  fbi  conbuiiioa  ehmbir  of  oiatar 
ooabuator  ttaui  bid  tuo  iaiorooanooting  tabu  and  Ita  indlTlAxil 
opirition  wia  iffaotid  It  tandad  to  ba  bird  itirtl:^  nd 

mold  not  maoaita  at  low  fuel  flow  ritas.  Tha  outar  two  oonbuitori 
ippiamd  to  oparata  rumallr. 

With  one  eorabuator  running,  tha  othar  two  could  ba  itirtid 
In  aaquaaoa  ualng  onljr  tha  jat  of  itirtlag  air  WtUa  opanlag  tha 
full  valwi.  No  ipiitc  wia  naosiiiiy.  Thi  appamnt  affast  of  thi 
Intiroonnaeting  tubaa  on  oluatir  opimtlon  ma  to  ijitohroxina  tba 
eoBbuitori.  Tha  cuatoaiizy  "bait",  eauaid  whan  aioh  of  tha  cori)uitom 
mionitaa  idth  alight  dlffamncaa  la  fmquaaoy,  via  not  hoard. 

Two  HK-Nl  U-ah^d  anglaaa  warn  alio  nanufioturad  for 
taitlag  la  abewn  la  Figura  37.  With  tbla  latup,  by  oiraful  idjuit- 
naat  of  tha  full  flow  ritaa  to  aaoh  ecnbuator,  tba  tuo  oenbuatora 
oould  be  aTnohronliad  la  dataralnad  by  tha  liok  of  an  vidlbla  bait 
or  dlffamnoaa  batwaan  tha  two  maoaiat  fraquanoiaa.  Them  mm  m 
dimot  coabuator  intaroonaaetiona. 

In  order  to  dataraisa  nora  loouritaly  tha  oonbuatien  fm- 
quanolaa  tnd  synohreniiitlon,  two  war^aurplua  voiea-powarad  nloro- 
I^naa  warn  uaad  In  eonjuaatlon  with  i  dual  beam  oaoiUoaoopa 
(Tektronix  Tjrpa  $02),  Tba  nlorophenaa  warn  ahroudad  ao  that  3/l6" 
i«d.  nylon  tubing  could  ba  eocnaetad  to  t)mt.  Tha  tubaa  mm  than 
oonaaotad  to  tha  pulaajat  eoabuatlon  obaabar  pm^^um  tipa.  Tha 
ttdblag  langtha  to  aieh  ca<^>aator  mm  tba  aama  In  erdar  to  pmraat 
phisa  li^  It  ma  alao  nacaaaary  to  him  tha  tuba  langth-to-dlmater 
ratio,  L/D,  mthar  large  to  daap  out  aaoond  order  praaaura  mm  af- 
facta  and  to  have  tha  tuba  length  auoh  that  ita  nituml  loouatlc 
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vat  not  Is  ratoBAOM  with  th*  pulMjat  ooidbuatien  f  roquanoy* 

I'icurta  3d  and  39  ara  Folazvld  phetofrapht  of  alufla-maap 
oaoUleaoopa  traoaa*  Fifura  3d  traoa  (1)  shovt  tha  egrelie  fraqaanojr 
of  «M  oenbaator  oparatad  at  fan  throttlaf  ahila  traoa  (2)  ia  the 
aaM  ooabuator  at  idle*  Tha  CIO  grid  ia  aaeaurad  In  oantiJMtera  and 
tha  awaq?  apaad  vaa  5  ailllaaoonda  par  eaatlaatar*  Full  tbrettla 
Indloataa  22d  epa  iddla  idle  indleataa  233  opa»  an  Ineraaaa  In  ra« 
aonant  ooabuatlon  fraquanojr  aa  fuel  flow  la  daoraaaad* 

Oaollloaoopa  operation  in  tha  pulaajat  aoouatio  anvlroBBaiit 
la  affeeted  hj  aioro^oloa  at  high  wpllHar  gain  aattiiya.  Bov- 
aTaTf  aaouatleal  InaulaUon  waa  not  naadad  baoauaa  tha  voioa-pcpwarad 
nierophonaa  produoad  plan^  of  woltaga  for  tha  aeauati.e  algnal  aiq^ 
plladf  aa  avldanoad  by  tha  0*5  volt  par  eantiaatar  rartioal  gain 
aattl^  on  tha  aoopa* 

Flgvu^a  39  aa^taraa  tha  ojrolio  fraquanegr  of  aaoh  oai^uater 
idian  operated  together.  In  thla  oaaa  tha  ooi^uatora  ware  audibly 
aynohrenliad  without  interoonneotion  tnbaa,  Tha  aoopa  taraaaa  adb- 
atantlatad  thla  and  alao  indloatad  that  they  ware  aynohronlaad  ap- 
proidnataly  IdO^  oat  of  phaaa.  It  bao«a  apparent  freat  watahing 
tha  traoea  that  tha  ooabuatere  ■prafarrad"  thla  node  of  oparatloa* 
in  audlbla  baat  ooaurrad  idian  tha  fraquanolaa  baeana  dlffarant  doe 
to  dlffarant  rataa  of  fuel  flow,  Vith  ona  eonbuater  at  idle  and  tha 
other  at  full  thrattla,  t  baat  fraquanoy  aa  high  aa  10  opa  waa  ob- 
taiaad. 


i  S«l/2''  by  1/2”  i«d«  tuba  oennaotlng  tha  two  HH>M1  oon« 
burtlon  ohaabara  oauaad  tha  oa^uatora  to  oparata  aynohrenliad  in 
phaaa  (l,a,,  flra  alnultanaou^)  aa  ebaarvad  on  tha  aoopa,  Wth 
thla  tR'angaBant,  after  atarting  ona  ecnbuatori  tha  othar  oould  ba 
atartad  without  tha  uaa  of  atarting  air  or  aparic,  Othar  matboda  of 
Intareoanaotion  triad  thua  far  have  not  produoad  tha  daalrad  atrong 
aniohrenlsatlon  out  of  phaaa,  Tha  out><f»pbaaa  node  of  operation  la 
aiaooiatad  with  raduoad  nolta  laral,  and  it  la  auapaotad  and  Indi- 
oatad  from  prallninazy  obaarratlona  that  aailBun  thruat  will  ba 
aohlavad  In  thla  way  alao.  Further  InTaatlgatlon  of  aynohronlaatlon 
oontrol,  atartingi  and  ceobuator  intaraotion  waa  planned  for  thla 
pair  of  Qombuatora  for  a  later  pbaea*  but  waa  not  oonduetad,  8Bu«ud> 
Ing  and  nolaa  control  le  alao  an  area  of  intaraat  idiloh  waa  not  eon* 
olualvaly  etudlod. 
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A  hl<h  sobli«i«B  Miioa  fiettf*  of  Aht  Mdiwtt  (mm 
hM  bMa  Uk*Q  ibewuc  tii*  of  tho  «tiM  UltutnAod  la 

n<Br«  13*  Tb*  Mfla*  m»  oBMrvad  to  bo  «|por«tlac  at  ogppoilaatoly 
IftO  otAoo  pt  oooead  froa  o«ainotioa  of  tho  aotioa  plotaroa  tokaa 
*t  fnaoo  por  aooead*  fhooo  plstoroo  voproaa&t  tho  first  tlao 
that  wo  havo  takon  hl(b  apoo4  a^lioroo  aotion  pietaroa  that  aiaal* 
taaooaaSr  ihcw  tho  flow  at  both  lalot  and  tal3pipa  of  a  valvaloaa 
polaojot  oafliM*  froUaioarir  oaalBatloB  of  tho  aotloa  piotaroa 
litiloaUo  that  offlaa  froi  tho  tallplpo  laata  for  opproartaatoly  12/20 
of  tho  OBfliM  ^rolo  oeaparod  to  only  aboat  7/20  for  tho  offlnx  fr«a 
tho  lBlot4  By  ooBtroat  it  ahoold  bo  aotod  that  tho  afflwc  valoolty 
fzoa  tho  lalot  la  aash  hl(har  tbaa  tho  afflaa  valaolty  faaa  tho  tail* 
plpo«  Slaoo  thoao  plottaroa  «aro  takaa,  tho  aohlloraa  qrataa  vaa 
aodiHad  to  a  oolor  qrataa  by  tho  addi  tion  of  a  asltloolorod  filtor 
ahleh  poatly  laprovaa  flow  rlaoaliaatioa*  fall  oao  of  tho  aohlioroB 
vlaoallaatlea  la  bal^  aado  la  tho  prorloualy  aotod  lavoati|atioB  of 
tho  onorgy  traaafor  proooaa  fr«a  aa  iatoflalttoat  jot  to  aoooadajqr 
fluid  la  thruat  augpMatorr  (Raforooooa  3  aad  li)« 


$•  oowot/aoMs 


Tb*  Mq^rl«D(M  g«j.iMd  in  epnitruetlBg  tad  tatting  Um  aia- 
ittnr*  vtlTtlttt  pulttjttt  ti^  thrutt  tn^Mntart  tn  dti«  btt  ltd  to  t 
brotdtr  undtrttandlng  of  thtir  ptn«tttrt»  ehtrtottrlttlot  tad  prebltat* 
Ibt  foot  that  tbt  orlfintl  aotltd-down  vtrtlont  nould  net  run  ttU^ 
ftetorlly  tMphttttta  tht  laporitnot  of  cenbuttor  ihtU  gtoMtxy  on  ptr> 
fontnoi  tad  polntt  out  tht  ntturt  of  tht  problMt  orttttd  thxouih  >la* 
Itturlittion*  Four  tlttt  Utitd  tzUntivtly  roprtttnbtd  tht  btti  oon- 
figurttioat  dtvtloptd  tfttr  atay  hourt  of  tuning  and  txpariaanta  (att 
Ttblt  3)t  Tht  RS-l(*07$}-3  conbuator  tdileh  wat  oharaottrlsad  by  a 
^1/2  inch  ttralght  tection  bttwetn  tht  oonbustlon  ehaabtr  and  tba  tall* 
pipe  was  noted  for  its  easy  starting  and  sacoth  perforaancs  espocially 
at  the  lov  fuel  flow  rates.  However^  the  augaeniatdon  ratio  was  not  aa 
high  as  the  HC>1  or  the  KH  type  Pulse  Reactors.  The  MC~1  Pulse  Haaotof 
perfomed  veil  even  though  its  vei7  snail  siss  led  to  coaplloationa  in 
designing  s  satisfsctory  fuel  systea  tdiich  would  give  essy  starting 
and  idde  rangs  psrforaanes.  Ths  KH-M.  and  the  HH-M2  Pulse  Reactors 
perfonsed  bstter,  slthough  this  msy  be  attributed  to  their  larger  siae* 

Figure  til  presents  ths  trends  of  thrust  per  unit  ooibuetor 
voltae  as  s  funotlon  of  combustor  voltsas.  Thsss  data  are  baaad  on  ths 
unsu0Mnted  perfomsnea  and  show  the  ccaplste  range  of  valveless  pulse** 
Jet  ocnbustora  from  ths  9*1  inch  disnetsr  HS^lB  to  ths  HC**1  ainlature 
ooabustor  Aich  havs  been  tested  at  HiUsr.  Tha  thrust»to>voluas  ratio 
iaereaass  with  dsoreasing  eombustor  site  at  t  rats  aoBsihat  less  than 
represented  by  ths  *2/3  lew*  as  scnetlsss  referred  to  In  gas  turbine 
sealing.  In  view  of  thru8t-t«-voluM>  T8fo>  aad  aupsantation  perfexs- 
aneSf  ths  HH-Kl  represented  tha  best  of  the  miniature  Pulse  Reaeters 
tasted  on  the  oontraot. 

Figure  ti2  shows  ooobustlon  frequency  versus  ooabustor  voltas. 
The  trend  closely  follows  ths  l/V'^  slope.  Slnoe  the  lengtb>to>voluae 
(L/b)  relationship  for  ths  vmlveless  combustors  Is  fairly  rigidly  pre« 
sorihed  by  resonant  coabusUen  rsqulr«tentB»  tbs  frsquaaey  also  olosaly 
follows  the  lA  slope. 

The  "lorgnette  inpingeaent"  type  fuel  neiile  proved  to  be 
sueoessful  in  these  tests  of  minlsture  v^veless  pulssjsts  using 
gaseous  propane  and  liquid  gasc^ine  of  80>90  ootane}  boweverf  fUrthar 
iBproveaenta  in  Tsfc  should  follow  from  additional  affort  and  ressaroh 
in  this  area. 

No  adverse  effect  on  perfonDSnce  (thrust  and  Tafe)  of  Bultl> 
pis  engines  in  oloss  proxlsklty  due  to  pressure  wave  Intaraotion  waa  ob» 
sarved  for  a  single  train  or  Una.  Mewaver,  ths  oloss  reotangular  array 
of  six  unau0ssntsd  HC>1  oonbustors  did  show  a  perfenunoa  drop  when 
more  than  four  combustors  were  operating.  Pulse  Raaotor  Interaetlon 
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appear*d  to  ftffoot  the  aUbilitj  md  fraquano/  of  raaonttit  eoabuatioB 
and,  durizif  taata  of  ooi^Mt  oluatara,  ahowad  up  aa  a  dlffloultjr  la 
kaaping  all  tha  ooabuatora  raaonatlac  ovar  4ta  eo^lata  fual  flow 
ranca.  Further  inraatigatlon  of  eaaihuator  Intareenaaotioaa  ahould 
proTlda  tha  solution  for  thla  diffloultj* 

Operational  problana  ware  prlaarilj  (1)  noiaa  (aa  la  typlotl 
of  Jet  anflnaa,  12if>130  daeibala  ranee  overall  level  at  feat  froa 
,1at  outlata,  but  without  alfnlfloant  inoraaae  due  to  nultl^anglne 
oparatlon}|  (2)  vibration  (operating  oyole  frequano^  range  180-320  ope) 
and  (3)  oonbuator  shell  tea^eraturee  up  to  16^^,  whieh  can  be 
handled  aatisfaetorll/  for  aost  ^plloationa  bj  (a)  ahreuding  with 
relatlveljr  ll^tweight  heat-insulating  md  nolae-abeorbing  Baterial, 

(b)  alternate,  lie<,  out-of-phaee,  timing  of  oos^uatora,  md  (e) 
ahock-nountlng  of  ooabuatora  to  isolate  vibration  nd  permit  thermal 
expansion  of  the  ooabuator  shells  with  thermal  atreaa. 

A  major  obstacle  to  laproveBant  lies  in  the  laok  of  a  suit¬ 
able  engine  oyole  performanoe  prediction  malyaia  to  give  some  indica¬ 
tion  of  (a)  ultlBiate  possible  performanoe  md  (b)  guide  designers  by 
predicting  the  effect  of  design  ohaagea,  but  this  situation  la  aoma- 
lAat  alleviated  by  the  baaio  sinplioity  of  the  angine  atruoture  which 
permits  relatively  rapid  changes  in  teat  oonfiguratlen.  On  the  other 
hand,  neaaurement  of  "Inatantaneeus"  gu  preaaures,  temperaturea  and 
velocities,  etc.,  are  dlffioult  and  expenalve,  whereas  sinpla  meaaurt- 
oants  ara  llaited  to  areraga  thrust,  ooisbustlcn  ohnber  praasures, 
fuel  flow  rates,  shall  temperatures,  oparatlng  frequaneiea,  and  ovar- 
all  noiaa  lavela4 

Although  it  has  no  moving  parts,  tha  eombinaticn  of  valva- 
laaa  puleejets  with  ajeotor  type  Jet  pumps  provides  e  derioe  with 
large  air-handling  capacity  idiich  can  in  many  oaaeo  ba  aubstitutad  for 
the  eonblnation  of  an  engine  or  motor  driving  a  fan  or  blower  end  oom* 
bustor  or  furnace.  Such  tests  aa  tha  *'Sniffsr"  gac  analyser  teste 
reveal  excellent  eonbustien  efficiency,  and  tha  unateady  flow  pro¬ 
vides  a  higher  heat  transfer  rate  titan  may  be  expeoted  for  steady  flow. 
These  ohereoteristies  all  point  towards  the  use  of  velvelesi  pulse- 
jets  with  ejectors  as  sinpla,  efficient,  low-eost  heater-blv^ere. 

It  is  also  concluded  that  the  sene  characteriatiee,  in  general,  in¬ 
dicate  that  the  urilts  may  have  merit  ea  ultra-simple  thrust  davioas. 
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FIOURR  l!  SKETCH  SHOVING  DIMENSIONS  OP  HS-K.O^I,)  COMOi  'TOR 
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PYHEX  AKWENTSRS  FOR  C-1  COMBUSTOR 
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nODRB  13i  aULL  U-SHAm)  CCKBUSTOR  UnH  CONICAL  ZNDnnED  CCKBOSTICm  CHAJQEA 


FIOURS  Hit  IKLET  FUEL  NOZZLE  Will)  MUUIPLS  FUEL  JETS 


rXOURS  l$l  CQHBUSTION  CKAKBER  FUEL  NOZZLE  WITH  MULTIPLE  JETS 


FIGURE  16i  ORABER'S  "QUEWIOM  MAW»  FUEL  NOZZLE 
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Nostl*!  ATft  oritnUd  ie 
that  thair  aprajr  planaa 
intaraaet  aaeh  othar  at 


FUEL  Mozzu  pcarTiov 


riEKJfS  17l  rtSL  H0Z2LS3  tND  UJUTION  FOR  OFCRATXON  OF  XH>4^  OQNBOBIOt 
VITK  QiSOLIU  . 
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noun  lei  run  nozzus  and  iocatiohs  for  omiTicM  or  o>i 

CCMBU9TOR  VITN  OlAOUW 


IS 
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VI  ‘iGOW 


riOORE  36: 


HH-M2  CCM3USTCJ*S  WITH  INTERCONNECTINO 
TUBES  3FT//EEN  CCM3USTI0N  CHAMBERS 


60 


FIGURE  37i  TWO  HH-JJl  'J-SJttPED  CCMBUSTORS  OU  THRUST  STAND 
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nOOBB  3fli  OSCIliCSvCPS  PKCTOvPJVPH,  5WTEF  5  m3ec/cn.  TRACE  (1) 

CaBl»5TC?.  a:  rr?.OTTi:  (22s  cps);  TJV.CE  (2)  SAW  CCHB0310B 

AT  id:?  (233  cp»).  NOTE  APFROXISATSli'  5  ep$  DIFFTOBICE 


nOOSB  39i  OSCILLCSCCPT  PHCCWRAPH,  SWPTP  5  ms«c/cm.  TRACES  (1)  »ad  (8) 
FROt  A  PAIR  OF  HH-Xl  CCKB’JSTCRS  ILLUSTRATE  PAIRED  COtSOStOB 
STNCHROriZATi:?'’  A'^OXI^'ATTLY  180®  Cl^T  OF  PHASE.  HO 
CCMBUSTCr.  I’TSRCCNTJICTIOK 


62 


65 


DISTRIBUTION 


U.  S.  Army  Material  Command 

U.  S,  Army  Mobility  Command 

U.  S.  Army  Aviation  Materiel  Command 

Oifice  of  Chief  of  D/A 

U.  S«  Army  Transportation  Research  Connand 

U.  S.  Army  Engineer  Research  and  Development  Laboratories 

U.  S.  Army  QH  R&E  Field  Evaluation  Agency 

U.  S.  Amy  Engineer  Waterways  Experiment  Station 

U.  S.  Amy  Combat  Developments  Comaand  Transportation  Agency 

U.  S.  Amy  Combat  Developments  Coimand  Quartermaster  Agency 

U.  S.  Amy  Quartermaster  School 

Air  University  Library,  Maxwell  APB 

U.  S.  Naval  Civil  Engineering  l<aboratory 

Naval  Air  Test  Center,  Patuxent  River 

Marine  Corps  Landing  Force  Development  Center 

Marine  Corps  LO,  U.  S<  Amy  Transportation  School 

Hq,  U.  S.  Coast  Guard 

Ames  Research  Center,  NASA 

NASA^LRC,  Langley  Station 

Lewis  Research  Center,  NASA 

Manned  Spacecraft  Center,  NASA 

NASA  Representative,  Scientific  and  Technical  Information 
Facility 

Research  Analysis  Corporation 
Defense  Documentation  Center 
U.  Si  Government  Printing  Office 


66 


